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 SYNOPSIS
This appendix presents the results of the regulation studies undertaken by the
International Lake Erie Regulation Study Board, which was established by the
International Joint Commission on 3 May 1977.
The purpose of these studies was to develop regulation plans for Lake Erie,
employing only partial control of Lake Erie outflow, and determine the effect
of such plans, hydrologically, on the entire Great Lakes system.
The results of the hydrologic analysis as presented in this appendix, indicate
that limited regulation of Lake Erie provides for a general lowering of the
water levels of the system, with impacts being felt on both the maximum and
minimum levels.
The results of the entire study are provided in the International Lake Erie
Regulation Study main report.
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through adjustable works constructed by man, by control of the lake's outflow
and/or inflow. Exercise of such control in accordance with a predetermined
rule (a regulation plan) will accomplish certain results, such as a
modification of the extremes of lake levels that would have been experienced
without such control.
1.1.4 Regulation Possibilities and Limitations
There are three categories of water level fluctuations on the Great Lakes;
these are long term, seasonal, and short-period. Regulation of a lake's
outflow mainly affects the long-term fluctuations of the water level, but also
impacts on the seasonal variations. It has little impact on the short—period
rise or fall other than changing the point of departure from which the rise or
fall begins. Each lake will reflect the amount of water received from rain or
snow, inflow from the upstream lake and diversion into the lake; and the
amount of water lost through evaporation, the outflow river and diversion from
the lake. (Ground water has minimal impact on the overall water balance).
This process of contribution and removal has resulted in the following range
in monthly mean net total supplies over the period 1900—1976.
MONTHLY MEAN NET TOTAL WATER SUPPLY, IN CFS
Lake Average Maximum Minimum Range
Superior 76,000 359,000 -95,000* 454,000
Michigan-Huron 183,000 594,000 -86,000* 680,000
Erie 198,000 343,000 95,000 248,000
Ontario 232,000 382,000 136,000 246,000
*Negative values indicate that evaporation from the lake surface is greater
than the amount of water supplied to the lake.
Due to these large natural variations in water supplies, it is not feasible to
regulate any of the lakes so that the monthly mean level throughout the year
would be constant. To do so would require that the lake outlet be enlarged to
have a monthly mean discharge equivalent to the largest monthly supply (in the
case of Lakes Michigan-Huron, this would require an outlet capacity three
times that of the existing St. Clair—Detroit River system); further, control
works would have to have a capability to reduce the outflow to a monthly rate
equivalent to the smallest monthly natural supply of water. In those
instances when evaporation exceeds the supply to the lake this would require
stopping the outflow entirely and even adding water from other sources. To
change the level of individual lakes by one foot in a one month period, the
difference between the total supply and total water loss during that month
must be of the following equivalent amounts:
Lake Superior 338,000 cfs
Lakes Michigan-Huron 481,000 cfs
Lake Erie 105,000 cfs
Lake Ontario 80,000 cfs
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e
lev
els
.
The
se
int
ere
sts
can
be
pla
ced
in
the
fol
low
ing
gen
era
l
ca
te
go
ri
es
-
co
as
ta
l
zo
ne
,
na
vi
ga
ti
on
,
an
d
po
we
r.
Th
e
ba
si
c
ob
je
ct
iv
e
of
la
ke
re
gu
la
ti
on
is
to
ac
hi
ev
e
la
ke
—l
ev
el
co
nd
it
io
ns
on
ea
ch
of
th
e
la
ke
s
wh
ic
h
wil
l
pr
ov
id
e
ma
xi
mu
m
be
ne
fi
ts
to
ea
ch
of
th
es
e
in
te
re
st
s,
wi
th
a m
in
im
um
of
ad
ve
rs
e
eff
ect
s
to
any
of
the
m.
The
des
ire
s
of
eac
h
of
the
se
int
ere
sts
and
the
fa
ct
or
s
to
be
ta
ke
n
in
to
co
ns
id
er
at
io
n
wi
th
re
ga
rd
to
ea
ch
ar
e
di
sc
us
se
d
in
the following paragraphs.
Co
as
ta
l
Zo
ne
In
te
re
st
s:
Sh
or
e
pr
Op
er
ty
da
ma
ge
ca
n
oc
cu
r
at
bo
th
hi
gh
an
d
low
lak
e
lev
els
.
Dur
ing
low
wat
er
lev
el
per
iod
s,
maj
or
eco
nom
ic
dam
age
re
su
lt
s
fr
an
th
e
re
du
ce
d
de
pt
hs
av
ai
la
bl
e
to
re
cr
ea
ti
on
al
bo
at
in
g,
sm
al
l-
bo
at
ha
rb
or
s
an
d
ma
ri
na
s,
an
d
mi
no
r
da
ma
ge
to
un
tr
ea
te
d
ti
mb
er
sh
or
el
in
e
st
ru
ct
ur
es
and
su
bs
tr
uc
tu
re
s
ma
y
oc
cu
r
due
to
ex
po
su
re
to
th
e
air
.
In
ad
di
ti
on
,
loc
al
ad
ve
rs
e
ef
fe
ct
s
on
fi
sh
an
d
wi
ld
li
fe
ma
y
re
su
lt
fr
om
ex
tr
em
es
in
wa
te
r
le
ve
ls
in
ei
th
er
di
re
ct
io
n,
al
th
ou
gh
lo
w
wa
te
r
le
ve
ls
ar
e
ge
ne
ra
ll
y
fe
lt
to
be
mo
re
detrimental.
 
Man
y
fac
tor
s
in
com
bin
ati
on
wit
h
the
lak
e
lev
el
hav
e
a d
ire
ct
eff
ect
on
sho
re
pro
per
ty
dam
age
due
to
flo
od
or
ero
sio
n.
The
se
fac
tor
s
inc
lud
e
win
d,
tem
por
ary
flu
ctu
ati
on
in
lev
el
due
to
oth
er
cau
ses
,
the
tim
e
of
yea
r,
and
the
ge
ol
og
ic
al
fo
rm
at
io
n
of
th
e
are
a.
Th
er
e
is
an
al
mo
st
un
li
mi
te
d
nu
mb
er
of
co
mb
in
at
io
ns
of
la
ke
su
rf
ac
e
ac
ti
vi
ti
es
,
sh
or
e
ch
ar
ac
te
ri
st
ic
s
an
d
na
tu
ra
l
eve
nts
whi
ch
pro
duc
e
coa
sta
l
zon
e
dam
age
.
It
is
dif
fic
ult
to
est
abl
ish
a
cr
it
ic
al
me
an
la
ke
lev
el
ab
ov
e
wh
ic
h
fl
oo
di
ng
and
er
os
io
n
da
ma
ge
oc
cu
rs
to
sho
re
pro
per
ty
on
eac
h
of
the
lak
es.
How
eve
r,
sur
vey
s
and
ins
pec
tio
ns
ind
ica
te
tha
t
dam
age
is
inc
ons
equ
ent
ial
whe
n
the
lak
e
lev
el
is
at
or
bel
ow
the
lon
g-t
erm
ave
rag
e
ele
vat
ion
.
Sin
ce
it
is
imp
rac
tic
al
(be
cau
se
of
the
wid
e
var
iat
ion
in
wat
er
sup
pli
es)
to
reg
ula
te
any
of
the
Gre
at
Lak
es
at
thi
s
ele
vat
ion
, a
ny
reg
ula
tio
n p
lan
whi
ch
wou
ld
pro
vid
e b
ene
fit
s t
o c
oas
tal
zon
e
in
te
re
st
s
sh
ou
ld
re
du
ce
ex
tr
em
e
le
ve
ls
,
an
d
th
e
fr
eq
ue
nc
y
of
oc
cu
rr
en
ce
of
these levels.
Na
vi
ga
ti
on
In
te
re
st
s:
Th
e
co
nm
er
ci
al
na
vi
ga
ti
on
sy
st
em
wi
th
in
th
e
Gr
ea
t
Lak
es
is
mai
nta
ine
d
to
acc
omm
oda
te
the
pre
sen
t
fle
et
and
ove
rse
as
tra
ffi
c
en
te
ri
ng
and
le
av
in
g
th
e
Gr
ea
t
La
ke
s
th
ro
ug
h
th
e
St.
La
wr
en
ce
Se
aw
ay
.
Th
e
adv
ert
ise
d
nav
iga
tio
n
dep
ths
in
the
sys
tem
are
rel
ate
d
to
the
low
wat
er
dat
um
pl
an
e
of
re
fe
re
nc
e
on
ea
ch
lak
e.
Ex
pe
ri
en
ce
on
th
e
la
ke
s
ov
er
th
e
pa
st
50
yea
rs
has
dem
ons
tra
ted
tha
t
shi
p
own
ers
tak
e
ful
l
adv
ant
age
of
all
ava
ila
ble
dep
ths
.
The
re
are
ves
sel
s
on
the
Gre
at
Lak
es
of
suc
h
cha
rac
ter
ist
ics
tha
t
the
y
can
loa
d
to
ful
l
dra
ft
onl
y
dur
ing
per
iod
s
of
ext
rem
e
hig
h
lev
els
.
Hen
ce,
nav
iga
tio
n
int
ere
sts
adv
oca
te
mai
nta
ini
ng
rel
ati
vel
y
hig
h
min
imu
m
lev
els
thr
oug
hou
t t
he
sys
tem
dur
ing
the
nav
iga
tio
n s
eas
on
to
all
ow
gre
ate
r
dr
af
t
fo
r
ve
ss
el
s,
as
wel
l
as
ma
in
ta
in
in
g
hi
gh
mi
ni
mu
m
fl
ow
s
in
th
e
co
nn
ec
ti
ng
cha
nne
ls
dur
ing
the
sam
e
per
iod
to
mai
nta
in
the
dep
ths
in
tho
se
cha
nne
ls.
 The
re
is,
how
eve
r,
a s
ome
wha
t l
ess
er
con
cer
n w
ith
max
imu
m l
eve
ls
whi
ch
gov
ern
elev
atio
ns a
t th
e do
cks,
and
with
the
freq
uenc
y an
d du
rati
on o
f hi
gh f
lows
which affect river currents and velocities.
Pow
er
Int
ere
sts
:
Pow
er
int
ere
sts
des
ire
gen
era
lly
hig
h l
ake
sta
ges
com
bin
ed
wit
h a
ran
ge
of
sta
ge
ade
qua
te
to
imp
rov
e t
he
dis
tri
but
ion
of
lak
e
out
flo
ws
for
gre
ate
r f
irm
pow
er
cap
aci
ty.
The
y a
lso
des
ire
fle
xib
ili
ty
of
ope
rat
ion
s w
hic
h w
oul
d
per
mit
sho
rt-
per
iod
var
iat
ion
s i
n t
he
dai
ly,
wee
kly
or
mon
thl
y m
ean
flo
w a
nd
whi
ch
wou
ld,
in
eff
ect
, i
ncr
eas
e t
he
dep
end
abl
e f
low
ava
ila
ble
for
pow
er
dur
ing
pea
klo
ad
per
iod
s.
In
the
des
ign
of
cha
nne
l
enl
arg
eme
nts
abo
ve
a p
owe
rho
use
,
it
wou
ld
be
adv
ant
age
ous
to
the
pow
er
int
ere
sts
to
hav
e t
he
riv
er
and
lak
e l
eve
ls
as
hig
h a
s p
oss
ibl
e,
sin
ce
mai
nta
ini
ng
hig
h
lev
els
wou
ld
hel
p
red
uce
the
cos
t
of
exc
ava
tin
g
in
tho
se
cha
nne
ls.
Als
o
of
imp
ort
anc
e
to
the
pow
er
int
ere
sts
is
tha
t
the
flo
ws
dur
ing
th
e
wi
nt
er
mo
nt
hs
sh
ou
ld
be
suc
h
as
to
en
su
re
th
e
fo
rm
at
io
n
and
re
te
nt
io
n
of
a
sta
ble
ice
cov
er
on
the
out
flo
w
riv
ers
.
Thi
s
wou
ld
min
imi
ze
ice
jam
s
in
the
ri
ve
rs
,
mi
ni
mi
ze
cl
og
gi
ng
of
tu
rb
in
e
in
ta
ke
s,
and
ma
ke
it
po
ss
ib
le
to
ma
in
ta
in
th
e
di
sc
ha
rg
e
ca
pa
ci
ty
ne
ce
ss
ar
y
to
me
et
hi
gh
lo
ad
re
qu
ir
em
en
ts
du
ri
ng
th
e
wi
nt
er
se
as
on
.
Si
nc
e
se
as
on
al
lo
ad
re
qu
ir
em
en
ts
are
ge
ne
ra
ll
y
gr
ea
te
r
du
ri
ng
th
e
wi
nt
er
mo
nt
hs
,
th
e
mi
ni
mu
m
fl
ow
s
du
ri
ng
th
e
wi
nt
er
sh
ou
ld
be
gr
ea
te
r
th
an
those for the summer.
In
vi
ew
of
th
e
pr
op
or
ti
on
s
of
th
e
ph
ysi
ca
l
co
ns
tr
ai
nt
s
of
th
e
sys
te
m,
th
e
va
ri
at
io
ns
in
wa
te
r
su
pp
ly
and
th
e
di
ve
rs
e
in
te
re
st
s
in
vo
lv
ed
,
di
sr
up
ti
on
of
th
e
se
as
on
al
pa
tt
er
n
or
ch
an
ge
s
in
th
e
lo
ng
-t
er
m
hi
st
or
ic
re
la
ti
on
sh
ip
be
tw
ee
n
la
ke
s
wo
ul
d
re
su
lt
in
la
rg
e
lo
ss
es
to
sp
ec
if
ic
in
te
re
st
s.
He
nc
e,
if
re
gu
la
ti
on
is
to
pr
ov
id
e
ma
xi
mu
m
be
ne
fi
t
wi
th
ou
t
lo
ss
to
an
y
us
er
s
of
th
e
sy
st
em
,
it
ca
n,
in
on
ly
a
li
mi
te
d
wa
y,
re
du
ce
th
e
va
ri
an
ce
of
le
ve
ls
ab
ou
t
th
e
me
an
,
re
du
ce
th
e
va
ri
an
ce
of
fl
ow
s,
ch
an
ge
th
e
me
an
le
ve
l,
or
pr
ov
id
e
a
co
mb
in
at
io
n
of
all
th
re
e
of
th
e
fo
re
go
in
g
ef
fe
ct
s.
Th
e
me
th
od
em
pl
oy
ed
in
th
is
st
ud
y
fo
r
de
fi
ni
ng
th
e
po
ss
ib
il
it
ie
s
an
d
li
mi
ta
ti
on
s
to
ch
an
gi
ng
th
e
re
gi
me
of
le
ve
ls
wa
s
to
de
ve
lo
p
an
d
te
st
re
gu
la
ti
on
pl
an
s
wi
th
su
pp
li
es
th
at
ha
ve
oc
cu
rr
ed
in
th
e
pa
st
.
Th
e
re
su
lt
in
g
pl
an
s
we
re
em
pl
oy
ed
to
es
ta
bl
is
h
th
e
de
gr
ee
to
wh
ic
h
re
gu
la
ti
on
ca
n
be
ac
co
mp
li
sh
ed
an
d
at
wh
at
co
st
or
be
ne
fi
t
to
the various interests.
1.1.5 Organization
In
19
77
,
th
e
In
te
rn
at
io
na
l
La
ke
Er
ie
Re
gu
la
ti
on
St
ud
y
Bo
ar
d
fo
rm
ed
a
Wo
rk
in
g
Co
mm
it
te
e
to
as
se
mb
le
da
ta
an
d
to
co
nd
uc
t
th
e
ne
ce
ss
ar
y
en
gi
ne
er
in
g
st
ud
ie
s
re
qu
ir
ed
to
re
pl
y
to
th
e
Re
fe
re
nc
e.
To
ca
rr
y
ou
t
it
s
re
sp
on
si
bi
li
ti
es
th
e
Wo
rk
in
g
Co
mm
it
te
e
es
ta
bl
is
he
d
Su
bc
om
mi
tt
ee
s
fo
r
ea
ch
of
th
e
ma
jo
r
ph
as
es
of the study.
Th
e
Re
gu
la
ti
on
Su
bc
om
mi
tt
ee
,
ap
po
in
te
d
by
th
e
Wo
rk
in
g
Co
mm
it
te
e
on
Ju
ne
7,
19
77
,
is
co
mp
os
ed
of
tw
o
me
mb
er
s
ea
ch
fr
om
Ca
na
da
an
d
th
e
Un
it
ed
St
at
es
:
 
 Ca
na
da
Un
it
ed
St
at
es
D.
F.
Wi
th
er
sp
oo
n,
En
vi
ro
nm
en
t
Ca
na
da
B.
G.
De
Co
ok
e,
De
tr
oi
t
Di
st
ri
ct
,
Corps of Engineers
P.
Ye
e
"
"
w.
Er
dl
e,
Bu
ff
al
o
Di
st
ri
ct
,
Corps of Engineers
Th
e
as
si
gn
ed
mi
ss
io
n
of
th
e
Re
gu
la
ti
on
Su
bc
om
mi
tt
ee
wa
s
to
:
(a
)
de
ve
lo
p
th
e
re
qu
ir
ed
ba
si
c
da
ta
ne
ed
ed
fo
r
re
gu
la
ti
on
st
ud
ie
s;
(b
)
de
ve
lo
p
a
ba
si
s-
of
-c
om
pa
ri
so
n
fo
r
th
e
re
gu
la
ti
on
st
ud
ie
s;
(c
)
de
ve
lo
p
re
gu
la
ti
on
pl
an
s
fo
r
La
ke
Er
ie
em
pl
oy
in
g
on
ly
pa
rt
ia
l
co
nt
ro
l
of
th
e
ou
tf
lo
w;
(d
)
ev
al
ua
te
th
e
ef
fe
ct
of
th
e
pl
an
s,
hy
dr
ol
og
ic
al
ly
,
on
th
e
en
ti
re
Gr
ea
t
La
ke
s
sy
st
em
;
(e
)
de
te
rm
in
e
th
e
im
pa
ct
on
th
e
La
ke
Er
ie
re
gu
la
ti
on
pl
an
s
of
di
ve
rs
io
n
ma
na
ge
me
nt
be
in
g
de
ve
lo
pe
d
by
th
e
In
te
rn
at
io
na
l
Gr
ea
t
La
ke
s
Di
ve
rs
io
n
an
d
Co
ns
um
pt
iv
e
Us
es
St
ud
y
Bo
ar
d;
an
d,
(f
)
pr
ov
id
e
in
pu
t
to
th
e
ot
he
r
su
bc
om
mi
tt
ee
s
so
th
es
e
pl
an
s
ca
n
be
ev
al
ua
te
d
en
vi
ro
nm
en
ta
ll
y
an
d
ec
on
om
ic
al
ly
.
1.2 Study Procedures
To
ad
dr
es
s
th
e
is
su
es
in
th
e
Go
ve
rn
me
nt
's
Re
fe
re
nc
e
to
th
e
IJ
C,
re
la
te
d
to
th
e
co
mb
in
ed
re
gu
la
ti
on
of
La
ke
s
Er
ie
an
d
On
ta
ri
o,
th
e
pr
oc
ed
ur
e
fo
ll
ow
ed
in
th
is
st
ud
y
co
ns
is
ts
of
:
(1
)
th
e
de
ve
lo
pm
en
t
of
a
se
ri
es
of
re
gu
la
ti
on
pl
an
s
to
ad
dr
es
s
th
e
va
ri
ou
s
re
gu
la
ti
on
po
ss
ib
il
it
ie
s;
(2
)
th
e
ev
al
ua
ti
on
of
th
es
e
pl
an
s,
hy
dr
ol
og
ic
al
ly
,
ec
on
om
ic
al
ly
an
d
en
vi
ro
nm
en
ta
ll
y,
to
de
te
rm
in
e
th
e
be
ne
fi
ts
an
d
di
s-
be
ne
fi
ts
as
so
ci
at
ed
wi
th
th
e
re
gu
la
ti
on
pl
an
s;
an
d
(3
)
th
e
de
si
gn
of
th
e
ne
ce
ss
ar
y
re
gu
la
to
ry
wo
rk
s
in
cl
ud
in
g
a
de
te
rm
in
at
io
n
of
th
e
co
st
as
so
ci
at
ed
th
er
ew
it
h.
Se
ct
io
n
3
of
th
is
do
cu
me
nt
co
ve
rs
in
de
ta
il
th
e
st
ud
ie
s
co
nd
uc
te
d
an
d
re
su
lt
s
ob
ta
in
ed
in
pa
rt
un
de
r
it
em
s
1
an
d
2
of
th
e
ou
tl
in
ed
procedure.
A-8
 Section 2
BASIC DATA
2.1 General
It was evident early in the study that the coordinated water supply data
which were available, as a result of prior studies, required updating and
extending to cover the study period being utilized in formulation of the
basis-of-comparison and for development of regulation plans. A detailed
description of the development of the required data, tabulation of the final
coordinated data and the basic data employed in their derivation, is given in
Volume 2 to this Appendix entitled "Coordinated Basic Data." The following
paragraphs provide a summary of that information.
2.2 Selected Study Period
Although observations of the water levels of the Great Lakes have been
taken almost continuously since 1860, only a few discharge measurements of the
outflows from the lakes were made prior to the turn of the century. In order
to use a uniform, consistent and reliable set of observations for each of the
lakes and their outlet rivers, and also to have a reasonably long record for
developing and evaluating regulation plans, the period from January 1900 to
December 1976 was selected. This 77-year period is known as the "study
period" throughout this report. This period contains basin-wide drought
periods, such as those of the mid-1930's and mid-1960's, as well as several
high supply periods, such as those in 1928-1929, 1951-1952 and the 1970‘s.
Hence, it was considered that the period 1900-1976 was adequate for providing
an assessment of the effects of the regulation plans.
2.3 Recorded Data
The recorded data used to calculate the water supplies and the
basis-of—comparison for the regulation plans were taken fron records on file
in the United States at the National Oceanic and AtmOSpheric Administration,
Department of Commerce, and at the U. 5. Army Engineer District, Detroit,
Department of Army; and, in Canada, at the Inland Waters Directorate,
Environment Canada. The data developed by the Coordinating Committee on Great
Lakes Basic Hydraulic and Hydrologic Data, and agreed to by user federal
agencies of both countries, were employed where possible. Where coordinated
data did not exist, provisional data were developed by the Regulation
Subcommittee for use in the study.
2.4 Assumptions
To determine the required water supply data and to develop the
basis-of-comparison, the following assumptions were made:
 
  
l. No adjustments would be made for changes in the hydraulic and
hydrologic characteristics (such as tributary stream regulation, increased
rurb
aniz
atio
n, c
onsu
mpti
ve u
se,
etc.
) of
the
Grea
t La
kes
basi
n, b
ut w
ould
be a
s
they occurred over the study period, and as reflected in the recorded data.
2. Due to the large surface area of each of the Great Lakes in comparison
to changes in the area as a result of changes in stage, a single storage
conversion constant, relating the volume of water represented by a given
change in stage to cfs-months, would be employed over the entire range of
levels for each lake. The constants are as follows:
Lake Superior .00296 foot per thousand cubic feet per second for
one month (TCFS-mo.) or 337,800 cubic feet per second
for each foot (CFS-mo./ft.)
Lake Michigan-Huron .00208 ft./TCFS-mo. or 480,800 CFS-mo./ft.
Lake Erie .00951 ft./TCFS-mo. or 105,200 CFS-mo./ft.
Lake Ontario .0125 ft./TCFS-mo. or 80,000 CFS-mo./ft.
3. All months have the same number of days (30.4 days).
2.5 Derived Data
Due to the larger lake areas, of Lake Superior and Lakes Michigan-Huron,
their levels respond to changes in water supply much more slowly than do the
levels of Lakes Erie and Ontario (Lake Ontario responds six times as fast as
Lakes Michigan-Huron). For this reason, the basic data used in this study
were developed and coordinated for monthly periods on Lakes Superior and
Michigan-Huron and for quarter-monthly periods on Lakes Erie and Ontario.
However, since Lake St. Clair reflects conditions on Lakes Michigan-Huron and
Erie, it was necessary to employ monthly periods on that lake. Data derived
for testing lake regulation plans and for formulating the basis-of-comparison
are described in the following subsections.
2.5.1 Net Basin Supplies
Net basin supply is a tenn used to describe the water which a lake
receives from precipitation, on both its surface and its own land drainage
basin, less the net effect of evaporation and condensation on the lake
surface. Although presently available techniques do not permit the accurate
determination of these factors separately, the net basin supplies can be
comp
uted
quit
e a
ccur
atel
y by
empl
oyin
g re
liab
le l
ake
leve
l,
infl
ow,
outf
low
and diversion records. The relationship used is as follows:
A-lO
 NBS = S + 0 - II: D
where:
NBS = Net basin supply.
5 = Change in storage, based on change in level from beginning to
end-of-period.
0 = Average outflow from lake through outflow river.
I = Average inflow to lake from inflow river.
D = Diversion into the basin (-) and out of the basin (+).
All
ter
ms
in
the
abo
ve
rel
ati
ons
hip
are
exp
res
sed
in
con
sis
ten
t u
nit
s,
usu
all
y
cub
ic
fee
t
per
sec
ond
,
for
the
giv
en
per
iod
.
2.5.2 Winter and Weed Retardation
The
out
flo
w t
hro
ugh
the
St.
Mar
ys
Riv
er
is
reg
ula
ted
by
the
Int
ern
ati
ona
l
Lak
e S
upe
rio
r B
oar
d o
f C
ont
rol
und
er
aut
hor
ity
of
the
Int
ern
ati
ona
l J
oin
t
Com
mis
sio
n.
The
phy
sic
al
con
tro
l
is
ach
iev
ed
by
a d
am
and
oth
er
str
uct
ure
s a
t
the
hea
d o
f t
he
St.
Mar
ys
Rap
ids
at
Sau
lt
Ste
. M
ari
e,
Mic
hig
an
and
Ont
ari
o.
Und
er
pre
sen
t r
egu
lat
ion
con
dit
ion
s,
the
win
ter
ret
ard
ati
on
eff
ect
on
the
dis
cha
rge
s
is
vir
tua
lly
zer
o.
Sin
ce
the
bas
is-
of-
com
par
iso
n
con
dit
ion
for
Lak
e S
upe
rio
r w
as
con
sid
ere
d t
o b
e t
he
pre
sen
t r
egu
lat
ed
con
dit
ion
, i
t w
as
not
ne
ce
ss
ar
y
to
co
ns
id
er
wi
nt
er
re
ta
rd
at
io
n
in
th
e
St.
Ma
ry
s
Ri
ver
.
Lak
es
Mic
hig
an—
Hur
on
gen
era
lly
do
not
fre
eze
ove
r c
omp
let
ely
dur
ing
the
win
ter
,
pri
mar
ily
due
to
the
inf
lue
nce
of
win
d a
nd
the
hea
t s
tor
ed
in
the
lak
e.
The
ice
whi
ch
for
ms
in
exp
ose
d c
ent
ral
par
ts
of
the
lak
e
is
con
tin
ual
ly
bro
ken
up
and
mov
ed
abo
ut
by
the
act
ion
of
the
win
d.
Som
e o
f t
his
ice
fin
ds
its
way
int
o
the
St.
Cla
ir
Riv
er.
As
a r
esu
lt
of
the
se
hea
vy
run
s
of
ice
,
jam
s
occ
ur
whi
ch
mat
eri
all
y
red
uce
the
nor
mal
flo
w
and
in
tur
n
aff
ect
bot
h
the
up
st
re
am
an
d
do
wn
st
re
am
le
ve
ls
.
Th
e
su
pp
ly
of
ice
de
li
ve
re
d
to
th
e
ri
ve
r
an
d
th
e
co
ns
eq
ue
nt
de
gr
ee
of
ja
mm
in
g
is
hi
gh
ly
va
ri
ab
le
(J
an
ua
ry
th
ro
ug
h
Ma
rc
h
av
er
ag
e
fl
ow
re
ta
rd
at
io
n
is
23
,0
00
cfs
)
and
is
an
im
po
rt
an
t
fa
ct
or
of
th
e
na
tu
ra
l
wi
nt
er
re
gi
me
.
He
nc
e,
an
y
pl
an
wh
ic
h
do
es
no
t
co
nt
em
pl
at
e
co
nt
ro
l
wo
rk
s
in
th
is
ch
an
ne
l
mu
st
gi
ve
co
ns
id
er
at
io
n
to
th
e
mo
nt
h-
by
-m
on
th
ma
gn
it
ud
e
of
th
is
re
ta
rd
at
io
n.
Wi
nt
er
re
ta
rd
at
io
n
in
th
e
St
.
Cl
ai
r
Ri
ve
r
wa
s
co
mp
ut
ed
fo
r
us
e
in
th
is
st
ud
y
by
su
bt
ra
ct
in
g
th
e
re
co
rd
ed
St
.
Cl
ai
r
Ri
ve
r
fl
ow
fr
om
th
e
co
rr
es
po
nd
in
g
di
sc
ha
rg
e
co
mp
ut
ed
fr
om
th
e
op
en
wa
te
r
di
sc
ha
rg
e
re
la
ti
on
sh
ip
fo
r
th
e
Ha
rb
or
Be
ac
h
an
d
St
.
Cl
ai
r
Sh
or
es
(G
ro
ss
e
Po
in
te
)
ga
ug
es
.
La
ke
St
.
Cl
ai
r
no
rm
al
ly
fr
ee
ze
s
ov
er
in
ea
rl
y
wi
nt
er
an
d
sh
ie
ld
s
th
e
De
tr
oi
t
Ri
ve
r
fr
om
he
av
y
ic
e
ru
ns
.
Th
e
De
tr
oi
t
Ri
ve
r
it
se
lf
fr
eq
ue
nt
ly
fr
ee
ze
s
ov
er
in
it
s
lo
we
r
re
ac
he
s.
Ho
we
ve
r,
du
e
to
th
e
si
ze
of
La
ke
St
.
Cl
ai
r,
ev
en
a
sm
al
l
re
ta
rd
at
io
n
(J
an
ua
ry
th
ro
ug
h
Ma
rc
h
av
er
ag
e
is
4,
00
0
cf
s)
in
fl
ue
nc
es
it
s
le
ve
l
re
gi
me
.
Wi
nt
er
re
ta
rd
at
io
n
in
th
e
De
tr
oi
t
Ri
ve
r
wa
s
de
te
rm
in
ed
to
be
th
e
di
ff
er
en
ce
be
tw
ee
n
th
e
fl
ow
co
mp
ut
ed
fr
om
th
e
op
en
wa
te
r
di
sc
ha
rg
e
re
la
ti
on
sh
ip
fo
r
th
e
St
.
Cl
ai
r
Sh
or
es
(G
ro
ss
e
Po
in
te
)
an
d
Cl
ev
el
an
d
gauges and the recorded flow.
As
in
th
e
ca
se
of
La
ke
Hu
ro
n,
th
e
pr
in
ci
pa
l
pr
ob
le
m
wi
th
ic
e
in
La
ke
Er
ie
an
d
th
e
Ni
ag
ar
a
Ri
ve
r
re
su
lt
s
fr
om
br
ea
k-
up
of
la
ke
ic
e
fi
el
ds
an
d
th
e
wi
nd
A-ll
 
 pus
hin
g
the
ice
int
o
the
riv
er.
Sin
ce
196
4,
an
ice
boo
m
has
bee
n
ins
tal
led
eac
h
win
ter
nea
r
the
hea
d
of
the
Nia
gar
a R
ive
r.
Its
pur
pos
es
are
to
fac
ili
tat
e e
arl
y
for
mat
ion
of
an
ice
cov
er
and
to
red
uce
the
fre
que
ncy
and
sev
eri
ty
of
ice
run
s
int
o t
he
Nia
gar
a R
ive
r.
The
pre
sen
ce
of
the
ice
boo
m
has
red
uce
d
the
ice
ret
ard
ati
on
of
Nia
gar
a R
ive
r
flo
w
to
a l
eve
l
whi
ch
can
be
con
sid
ere
d
ins
ign
ifi
can
t.
How
eve
r,
sin
ce
the
out
let
con
dit
ion
s
of
195
3
wer
e
ad
op
te
d
as
th
e
ba
si
s
to
be
us
ed
fo
r
co
mp
ar
in
g
re
gu
la
ti
on
pl
an
s,
av
er
ag
e
wi
nt
er
ret
ard
ati
on
was
ass
ume
d
for
the
Nia
gar
a
Riv
er
ove
r
the
per
iod
of
rec
ord
.
In
the
sum
mer
,
wee
ds
aff
ect
the
flo
w
in
the
Nia
gar
a
Riv
er.
In
stu
die
s
co
nd
uc
te
d
by
th
e
Co
or
di
na
ti
ng
Co
mm
it
te
e
on
Gr
ea
t
La
ke
s
Ba
si
c
Hy
dr
au
li
c
and
Hyd
rol
ogi
c
Dat
a,
it
was
det
erm
ine
d
tha
t
thi
s
eff
ect
was
abo
ut
the
sam
e
eve
ry
su
mm
er
.
Th
er
ef
or
e,
av
er
ag
e
we
ed
re
ta
rd
at
io
ns
,
as
co
mp
ut
ed
by
th
e
Co
or
di
na
ti
ng
Committee, were employed.
The
wat
er
lev
el
of
Lak
e O
nta
rio
and
the
out
flo
w
thr
oug
h
the
St.
Law
ren
ce
Riv
er
are
reg
ula
ted
by
the
Int
ern
ati
ona
l
St.
Law
ren
ce
Riv
er
Boa
rd
of
Con
tro
l
und
er
the
aut
hor
ity
and
"Or
der
s
of
App
rov
al"
of
the
Int
ern
ati
ona
l
Joi
nt
Co
mm
is
si
on
.
Th
e
ph
ysi
ca
l
co
nt
ro
l
is
ac
hi
ev
ed
by
st
ru
ct
ur
es
lo
ca
te
d
on
th
e
St.
Law
ren
ce
Riv
er
at
Mas
sen
a,
New
Yor
k
and
Cor
nwa
ll,
Ont
ari
o.
Sin
ce
the
bas
is-
of-
com
par
iso
n
con
dit
ion
for
Lak
e O
nta
rio
was
con
sid
ere
d
to
be
the
pre
sen
t
reg
ula
tio
n c
ond
iti
on,
it
was
not
nec
ess
ary
to
con
sid
er
win
ter
retardation in the St. Lawrence River.
2.5.3 Basis-of—Comparison
The
rec
ord
ed
dat
a r
efl
ect
the
eff
ect
s o
f c
han
ges
in
the
reg
ime
n o
f t
he
lak
es
and
the
ir
con
nec
tin
g c
han
nel
s w
hic
h h
ave
occ
urr
ed
ove
r t
he
stu
dy
per
iod
(19
00—
197
6).
The
pri
nci
pal
cha
nge
s
to
the
sys
tem
are
man
-ma
de
and
con
sis
t
of
cha
nge
s
in
the
amo
unt
of
div
ers
ion
int
o
and
out
of
the
Gre
at
Lak
es
bas
in,
alt
era
tio
ns
in
the
con
fig
ura
tio
n
of
the
con
nec
tin
g
cha
nne
ls
and
the
con
str
uct
ion
of
con
tro
l w
ork
s
at
the
out
let
s
of
Lak
e S
upe
rio
r a
nd
Lak
e
Ontario.
In
ord
er
to
per
mit
the
hyd
rol
ogi
c
com
par
iso
n
of
var
iou
s
reg
ula
tio
n
pla
ns
on
a c
ons
tan
t
bas
is
ove
r
the
per
iod
of
stu
dy,
a s
et
of
uni
for
m
con
dit
ion
s
wi
th
in
th
e
Gr
ea
t
La
ke
s
sy
st
em
wa
s
ad
op
te
d
and
co
rr
es
po
nd
in
g
ad
ju
st
me
nt
s
to
th
e
rec
ord
ed
lev
els
and
out
flo
ws
wer
e
mad
e.
The
lev
els
and
flo
ws
occ
urr
ing
und
er
the
se
uni
for
m c
ond
iti
ons
are
als
o e
mpl
oye
d t
o a
sse
ss
the
pos
sib
le
benefits/losses resulting under the various plans.
The
con
dit
ion
s s
ele
cte
d f
or
the
bas
is-
of—
com
par
iso
n a
re
as
fol
low
s:
1.
A c
ons
tan
t
div
ers
ion
of
5,0
00
cub
ic
fee
t
per
sec
ond
int
o
Lak
e S
upe
rio
r
by
way
of
Lon
g
Lac
and
Ogo
ki
Div
ers
ion
s.
The
se
div
ers
ion
s
wer
e
the
sub
jec
t
of
an
exc
han
ge
of
not
es
dat
ed
Oct
obe
r
14
and
31
and
Nov
emb
er
7,
194
0,
bet
wee
n
the
Go
ve
rn
me
nt
s
of
th
e
Un
it
ed
St
at
es
and
Ca
na
da
.
(R
ec
en
t
da
ta
ha
ve
sh
ow
n
th
at
th
e
historical rate has been about 5,600 cfs).
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 2. Lake Superior regulated in accordance with Regulation Plan 1977, which
is the plan currently being used by the International Lake Superior Board of
Control.
3. A constant diversion of 3,200 cubic feet per second out of Lake
Michigan at Chicago. This is the maximum allowable diversion at Chicago by
decree of the U. S. Supreme Court dated June 12, 1967.
 
4. The 1962 outlet conditions for Lake Huron. This represents the
current Lake Huron outlet condition which has existed since completion of the
27-foot navigation channel dredging in 1962.
5. A constant diversion, by way of the Welland Canal, of 7,000 cfs out of
Lake Erie and into Lake Ontario. This is the approximate average diversion
through the Welland Canal which existed during the period 1950-1976. (More
recent data have shown the current rate of diversion to be closer to 9,200
cfs .
6. 1953 outlet conditions for Lake Erie. In its 1953 report on the
Preservation and Enhancement of Niagara Falls, the International Joint
Commission considered it essential that the relationship existing at that time
between the Niagara River flow and the Chippewa-Grass Island Pool level be
maintained following the canmencement of operation of the Chippewa-Grass
Island Pool Control Structure and power diversions as permitted by the 1950
Niagara Treaty.
7. Lake Ontario regulated during the period 1900-1976 in accordance with
Plan 1958-0, incorporating discretionary deviations from the plan which have
occurred since 1960. Some minor adjustments were necessary in the recorded
discretionary deviations values employed after 1973 to maintain St. Lawrence
River profiles and to accommodate changes in upstream water supplies. (See
par
agr
aph
3.7
for
dis
cus
sio
n o
f a
dju
stm
ent
s t
o P
lan
195
8-D
to
pro
vid
e d
ata
for
conparison under Category 3 of this study).
8.
Rec
ord
ed
con
dit
ion
s f
or
the
Ott
awa
Riv
er
and
loca
l i
nfl
ow
to
the
St.
Lawrence River.
The
mon
thl
y m
ean
lev
els
and
out
flo
ws
for
eac
h l
ake
und
er
the
bas
is-
of-
com
par
iso
n w
ere
obt
ain
ed
by
rou
tin
g t
hro
ugh
the
sys
tem
the
net
bas
in
sup
ply
,
ass
umi
ng
a r
egi
me
def
ine
d
by
the
for
ego
ing
con
dit
ion
s.
The
eff
ect
of
cha
ngi
ng
con
dit
ion
s
(du
rin
g t
he
stu
dy
per
iod
)
in
cha
nne
l
con
fig
ura
tio
ns,
div
ers
ion
s a
nd
reg
ula
tio
ns,
thu
s h
ave
bee
n r
emo
ved
fro
m t
he
dat
a.
No
ad
ju
st
me
nt
s
we
re
ma
de
in
th
e
da
ta
fo
r
th
e
pr
og
re
ss
iv
e
ef
fe
ct
s
of
cr
us
ta
l
mov
eme
nt
and
reg
ula
tio
n
of
tri
but
ari
es,
var
iat
ion
s
in
win
ter
and
wee
d
re
ta
rd
at
io
ns
and
th
e
va
ry
in
g
ra
te
s
of
co
ns
um
pt
iv
e
use
s.
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 Section 3
DEVELOPMENT OF REGULATION
PLANS
3.1 General
Ful
l
re
gu
la
ti
on
re
qu
ir
es
wo
rk
s
wh
ic
h
ca
n
var
y
th
e
ou
tf
lo
w
fr
om
ze
ro
to
th
e
ma
xi
mu
m
hy
dr
au
li
c
ca
pa
ci
ty
of
th
e
ou
tl
et
.
In
th
e
ca
se
of
La
ke
Er
ie
th
is
wo
ul
d
re
qu
ir
e
fu
ll
co
nt
ro
l
of
th
e
fl
ow
th
ro
ug
h
th
e
Ni
ag
ar
a
Ri
ve
r
an
d
We
ll
an
d
Ca
na
l.
Li
mi
te
d
re
gu
la
ti
on
re
qu
ir
es
wo
rk
s
wh
ic
h
ca
n
mo
di
fy
,
bu
t
ca
nn
ot
co
nt
ro
l
fu
ll
y,
th
e
to
ta
l
ou
tf
lo
w
fr
om
th
e
la
ke
.
Su
ch
wo
rk
s
wo
ul
d
on
ly
be
re
qu
ir
ed
at
se
le
ct
ed
po
in
ts
in
th
e
sy
st
em
.
In
th
is
st
ud
y
li
mi
te
d
re
gu
la
ti
on
of
La
ke
Er
ie
ha
s
be
en
in
ve
st
ig
at
ed
in
co
nj
un
ct
io
n
wi
th
ch
an
ge
s
to
th
e
ex
is
ti
ng
fu
ll
re
gu
la
ti
on
of
La
ke
On
ta
ri
o
in
or
de
r
to
ac
co
mm
od
at
e
th
e
li
mi
te
d
re
gu
la
ti
on
of
Lake Erie outflows.
To
ad
dr
es
s
th
e
is
su
es
ra
is
ed
in
th
e
Go
ve
rn
me
nt
's
Re
fe
re
nc
e,
th
e
re
gu
la
ti
on
st
ud
ie
s
we
re
di
vi
de
d
in
to
th
re
e
ca
te
go
ri
es
.
Ca
te
go
ri
es
1
an
d
2
co
ns
id
er
ed
La
ke
Er
ie
re
gu
la
ti
on
co
ns
tr
ai
ne
d
by
th
e
pr
es
en
t
IJ
C
"O
rd
er
s
of
Ap
pr
ov
al
"
fo
r
La
ke
On
ta
ri
o
an
d
th
e
ex
is
ti
ng
ch
an
ne
ls
of
th
e
St
.
La
wr
en
ce
Ri
ve
r.
Ho
we
ve
r,
th
ey
di
ff
er
ed
in
th
at
Ca
te
go
ry
1
co
ns
id
er
ed
La
ke
On
ta
ri
o
to
be
re
gu
la
te
d
in
ac
co
rd
an
ce
wi
th
Pl
an
19
58
-0
wi
th
di
sc
re
ti
on
ar
y
fl
ow
de
vi
at
io
ns
fr
om
th
at
pl
an
as
ex
er
ci
se
d
by
th
e
Bo
ar
d
du
ri
ng
ac
tu
al
op
er
at
io
ns
;
wh
er
ea
s,
un
de
r
Ca
te
go
ry
2,
Pl
an
19
58
-D
wa
s
mo
di
fi
ed
to
ac
co
mm
od
at
e
La
ke
Er
ie
li
mi
te
d
re
gu
la
ti
on
an
d
to
sa
ti
sf
y
th
e
IJ
C
La
ke
On
ta
ri
o
“O
rd
er
s
of
Ap
pr
ov
al
"
to
th
e
sa
me
de
gr
ee
th
at
oc
cu
rr
ed
un
de
r
th
e
hi
st
or
ic
te
st
an
d
un
de
r
op
er
at
io
n
si
nc
e
19
60
as
re
pr
es
en
te
d
by
th
e
ba
si
s-
of
-c
om
pa
ri
so
n.
Ca
te
go
ry
3
co
ns
id
er
ed
La
ke
On
ta
ri
o
re
gu
la
ti
on
pl
an
mo
di
fi
ca
ti
on
,
ch
an
ne
l
mo
di
fi
ca
ti
on
an
d/
or
re
me
di
al
me
as
ur
es
in
th
e
St
.
La
wr
en
ce
Ri
ve
r
to
ac
co
mm
od
at
e
re
gu
la
ti
on
of
La
ke
Er
ie
an
d
to
sa
ti
sf
y
th
e
IJ
C
La
ke
On
ta
ri
o
"O
rd
er
s
of
Ap
pr
ov
al
",
as
wr
it
te
n,
ov
er
th
e
en
ti
re
te
st
pe
ri
od
(1900-1976).
A
th
re
e-
st
ag
e
pr
oc
ed
ur
e
wa
s
em
pl
oy
ed
in
th
e
de
ve
lo
pm
en
t
of
th
e
li
mi
te
d
La
ke
Er
ie
re
gu
la
ti
on
pl
an
s
pr
es
en
te
d.
St
ag
e
(1
)
co
ns
is
te
d
of
th
e
de
ve
lo
pm
en
t
of
an
in
de
x
wh
ic
h
wo
ul
d
be
em
pl
oy
ed
as
an
in
di
ca
to
r
as
to
wh
en
to
in
cr
ea
se
th
e
ou
tf
lo
w
fr
om
La
ke
Er
ie
;
St
ag
e
(2
)
co
ns
is
te
d
of
th
e
de
ve
lo
pm
en
t
of
se
ri
es
of
re
gu
la
ti
on
pl
an
s
fo
r
La
ke
Er
ie
ov
er
a
wi
de
ra
ng
e
of
in
cr
ea
se
s
in
La
ke
Er
ie
ou
tf
lo
ws
;
an
d
St
ag
e
(3
)
co
ns
is
te
d
of
ev
al
ua
ti
ng
th
e
im
pa
ct
s
on
La
ke
On
ta
ri
o
of
th
e
in
cr
ea
se
d
in
fl
ow
s
fr
om
La
ke
Er
ie
an
d
of
ma
ki
ng
th
e
ne
ce
ss
ar
y
re
vi
si
on
s
to
Pl
an
1
9
5
8-
0
ou
tf
lo
ws
to
sa
ti
sf
y
th
e
ob
je
ct
iv
es
of
Ca
te
go
ri
es
2
an
d
3.
S
t
a
g
e
(2
)
wa
s
f
u
r
t
h
e
r
d
i
v
i
d
e
d
in
to
t
h
r
e
e
ge
ne
ra
l
g
r
o
u
p
s
;
pl
an
s
w
h
i
c
h
c
o
n
f
i
n
e
d
a
c
t
i
v
i
t
i
e
s
(
s
t
r
u
c
t
u
r
e
s
an
d
d
r
e
d
g
i
n
g
)
t
o
t
h
e
N
i
a
g
a
r
a
R
i
v
e
r
;
p
l
a
n
s
w
h
i
c
h
u
s
e
d
t
h
e
B
l
a
c
k
R
o
c
k
Ca
na
l
w
i
t
h
a
c
h
a
n
n
e
l
cu
t
t
h
r
o
u
g
h
S
q
u
a
w
I
s
l
a
n
d
f
o
r
a
d
d
i
t
i
o
n
a
l
c
a
p
a
c
i
t
y
;
an
d,
l
a
s
t
l
y
,
p
l
a
n
s
w
h
i
c
h
us
e
d
th
e
B
l
a
c
k
R
o
c
k
L
o
c
k
to
pa
ss
increased flows.
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3.
2
Re
gu
la
ti
on
Ob
je
ct
iv
e
an
d
Cr
it
er
ia
Th
e
pr
im
ar
y
ob
je
ct
iv
e
of
th
is
st
ud
y
is
to
de
te
nn
in
e
th
e
fe
as
ib
il
it
y
of
lo
we
ri
ng
th
e
hi
gh
le
ve
ls
of
La
ke
Er
ie
by
in
cr
ea
si
ng
it
s
ou
tf
lo
w
du
ri
ng
pe
ri
od
s
of
hi
gh
wa
te
r
su
pp
ly
.
Th
e
pl
an
s
pr
es
en
te
d
us
e
ch
an
ne
l
im
pr
ov
em
en
ts
an
d
co
nt
ro
l
st
ru
ct
ur
es
in
ei
th
er
th
e
Ni
ag
ar
a
Ri
ve
r
or
th
e
Bl
ac
k
Ro
ck
Ca
na
l.
In
th
e
ca
se
wh
er
e
th
e
Ni
ag
ar
a
Ri
ve
r
is
em
pl
oy
ed
to
ob
ta
in
th
e
ad
di
ti
on
al
ca
pa
ci
ty
,
fu
ll
ut
il
iz
at
io
n
of
in
cr
ea
se
d
ca
pa
ci
ty
of
th
e
re
gu
la
to
ry
wo
rk
sis
po
ss
ib
le
at
al
l
ti
me
s.
Ho
we
ve
r,
in
th
e
ca
se
wh
er
e
th
e
Bl
ac
k
Ro
ck
Ca
na
l
is
us
ed
,
it
is
ne
ce
ss
ar
y
to
op
er
at
e
th
e
st
ru
ct
ur
e
in
te
rm
it
te
nt
ly
re
su
lt
in
g
in
th
e
fu
ll
ca
pa
ci
ty
of
th
e
wo
rk
s
on
ly
be
in
g
em
pl
oy
ed
ab
ou
t
60
%
of
th
e
ti
me
on
an
an
nu
al
ba
si
s.
In
te
rm
it
te
nt
op
er
at
io
n
of
th
e
co
nt
ro
l
st
ru
ct
ur
e
is
ne
ce
ss
ar
y
to
mi
ni
mi
ze
th
e
im
pa
ct
s
on
ca
na
l
na
vi
ga
ti
on
an
d
lo
ck
ma
in
te
na
nc
e,
an
d
to
pr
ov
id
e
fo
r
re
cr
ea
ti
on
al
bo
at
in
g
us
e
of
th
e
ca
na
l.
Si
nc
e
on
e
of
th
e
ov
er
al
l
st
ud
y
ob
je
ct
iv
es
is
to
de
te
rm
in
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Based upon the above rationale, the water supply to Lakes Superior and
Michigan-Huron was selected as an indicator of future water supplies to Lake
Erie. In this study, to provide a smooth transition during changing supply
conditions, a 12-month moving mean water supply to these lakes was employed as
the trigger.
3.4 Lake Erie Regulation Plans
As noted previously, the regulation studies were conducted under three
separate categories. Category 1 develops the necessary plans for Lake Erie,
and Categories 2 and 3 deal additionally with modifications to Lake Ontario
Regulation Plan 1958-0 and the necessary changes to the St. Lawrence River to
handle an increased flow. As noted in Section 3.1, plans for limited Lake
Erie regulation under each category were subdivided into three groups; those
which require a regulatory structure in the Niagara River, plans which use a
diversion channel cut through Squaw Island, and lastly plans which use the
Black Rock Lock to discharge additional quantities of water from Lake Erie.
All of these plans are considered limited regulation schemes since none of the
plans provide for full control of the outflow. The following paragraphs
describe Category 1 plans for each of these groups.
3.4.1 Niagara River Plans (N-Series)
Regulation plans in this series require increased channel capacity by
dredging and a control structure which extends partially across the Niagara
River. The structure would be operated to increase the outflow from Lake Erie
(by taking advantage of the dredging) whenever the water supply indicator for
the upper Great Lakes is at or above normal. Whenever the water supply in the
upper Great Lakes drops below normal, the total Lake Erie outflow would revert
to that which would occur under the preproject conditions. To provide for a
range of impacts, costs, and benefits, a series of (N) plans were tested which
increased the outflow from Lake Erie from 5,000 cfs up to 30,000 cfs in
increments of 5,000 cfs. The resulting outflows from Lake Erie, under
Category 1, for each of these plans, were routed through Lake Ontario in
accordance with Regulation Plan 1958-0. Under Category 1, there is no attempt
to modify Plan 1958-D to accommodate this increased inflow to Lake Ontario nor
to satisfy the IJC criteria for the regulation of Lake Ontario. The results
of these tests are shown on Table A-1. The plan names denote the capacity and
type of structure to be used, e.g., 25N represents a regulation plan in the
Niagara River requiring a 25,000 cfs capacity increase.
3.4.2 Black Rock Canal - Squaw Island Plans (S-Series)
V Regulation plans in the series of "S" plans utilize the Black Rock
Canal-Squaw Island structure to pass additional water out of Lake Erie. Water
enters the canal in the Buffalo Harbor area on Lake Erie and is returned to
the Niagara River downstream from the river's natural hydraulic control. A
diversion channel would be constructed across Squaw Island to increase and
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TABLE A-3
LAKE ERIE REGULATION - CATEGORY 1 and 2
FOR BLACK ROCK CANAL STRUCTURE, SERIES "L"
LAKE LEVELS IN FEET, IGLD (T9551
Basis-of-
Comgarison
Plan 6L
Plan l6L
LAKE SUPERIOR
Mean
600.44
600.43
600.42
Max
601.93
601.93
601.93
Min
598.69
598.68
598.66
Range
3.24
3.25
3.27
LAKES MICHIGAN-HURON
Mean
578.27
578.24
578.21
Max
581.16
581.09
581.07
Min
575.46
575.45
575.42
Range
5.70
5.64
5.65
LAKE ERIE
Mean
570.76
570.67
570.61
Max
573.60
573.45
573.40
Min
568.10
568.07
568.02
Range
-
5.50
5.38
5.38
.>
N
N
LAKE O
NTARIO
(Category
I-Nith De
viation)
Mean
244.63
244.64
244.6l*
Max 247.37 247.39 247.38
Min
241.81
241.74
24l.69
Range 5.56 5.65 5.69
LAKE O
NTARIO
lCateg
ory 25
Mean
244.63
244.66
244.69*
Max 247.37 247.34 247.39
Min 241.81 242.04 242.26
Range
5.56
5.30
5.l3
* Results interpolated from (N) results - Table A-l
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 l
end-of-July for those periods when the outflow from Lake St. Louis exceeds
345,000 cfs. Studies of this limitation under actual operation indicate that
employment of the 345,000 cfs value is conservative. Hence, a value of
380,000 cfs was adopted for use in Plans 25N, 155, and 6L under Category 2.
3.5.3 "M" Minimum Flow Limitation
IJC Criterion (e) for the regulation of Lake Ontario, states;
“Consistent with other requirements, the minimum regulated
monthly outflows from Lake Ontario shall be such as to
secure the maximum dependable flow for power,"
Criterion (j) states;
"The regulated level of Lake Ontario on 1 April shall not be
lower than elevation 242.77. The regulated monthly mean
level of the lake from 1 April to 30 November shall be
maintained at or above elevation 242.77"
To satisfy these criteria under Category 2, some adjustment to Plan 1958-0
minimum flow was required. The minimum flow employed in Plans 25N, 155 and 6L
are shown in the following table.
TABLE A-4
MINIMUM OUTFLOWS
Category 2
(in TCFS)
Plan 1958-0 Plan 25N Plan 155 Plan 6L
Jan 210 202 204 205
Feb 207 200 200 202
Mar 204 195 196 195
Apr 188 188 188 188
May 188 188 188 188
Jun 190 190 190 193
Jul 193 190 190 200
Aug
193
195
195
201
Sep
193
202
202
202
Oct
193
202
204
205
Nov
198
202
204
205
 
Dec
210
202
204
205
%
3.5.4 "J" Outflow Limitation
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 3.6.2 "P" Maximum Flow Limitation
Under Category 2 modifications to Plan 1958-0, the "P" limitation was
applied during the period from mid-April to the end-of-July only when the
outflow from Lake St. Louis exceeded 380,000 cfs, rather than the presently
used value of 345,000 cfs. Under Category 3, the 345,000 cfs application
limitation was retained for the total test period (1900-1976). This change
was due to the difference in objectives between Category 2 and Category 3.
Increasing the flow from 345,000 cfs to 380,000 cfs when the "P" limitation
applies would not better satisfy the criteria during the high water supply
periods of the l970's. However, under Category 3, it was necessary to add
l5,000 cfs to the limiting control numbers employed in Plan 1958-0 to
duplicate conditions which occurred in the 1970's.
The "P" limitation was incorporated into Plan 1958-0 to restrict Lake
Ontario releases to preproject flows in order to satisfy criteria (c) and (d)
of the Commission's Orders of Approval. By increasing the "P" limitation, as
was done in Category 3, it would appear that these criteria would be violated.
However, the channel modifications also undertaken in Category 3 were designed
to provide a reduction in river levels sufficient to compensate for the 15,000
cfs increase.
3.6.3 "M" Minimum Flow Limitation
 
Paragraph 3.5.3 notes the minimum outflow criterion to be satisfied by any
plan of regulation. Listed below are the minimum flows for each plan
developed under this study category to satisfy these requirements.
R
E
G
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TABLE A-5
MINIMUM OUTFLOWS
Category 3
(in TCFS)
Plan 25N Plan 15$ Plan 6L
Jan 200 202 203
Feb 200 200 200
Mar 195 195 196
Apr 188 188 188
May 188 188 188
Jun
190
190
190
Jul
190
190
195
Aug
195
195
197
Sep
200
202
202
.
Oct
200
202
203
i
Nov
200
202
203
w
Dec
200
202
203
A-28
 3.6.4 "J" Outflow Limitation
Category 3 employs the same restriction on outflow changes between
reg
ula
tio
n p
eri
ods
as
dev
elo
ped
for
Cat
ego
ry
2 (
45,
000
cfs)
.
3.6.5 "L" Outflow Limitation ,
Figure A-6 shows the modified "L" limitation curve employed under Plan
1958-0. Superimposed on this plate are the modified conditions for Plans 25N,
15$ and 6L. The resulting modifications provide for satisfaction of the
criteria for the regulation of Lake Ontario over the entire test period
(1900-1976). The changes cannot be totally attributed to Lake Erie
regulation, but are also due in part to the water supplies of the 1970's,
which exceeded those used to develop Plan 1958-D. The separation of the two
effe
cts
(tha
t wh
ich
is d
ue t
o La
ke E
rie
regu
lati
on v
ersu
s th
at d
ue t
o th
e hi
gh
water supplies) is further discussed in Section 4.3.
3.7 Adjusted Basis-of-Comparison
To provide data under the basis-of—comparison for use with Category 3
plans, Plan 1958-0 was modified to accommodate the low and high water supplies
of the 1960's and 1970's, respectively, and to satisfy the IJC criteria for
the regulation of Lake Ontario. These modifications were applied to the total
study period, 1900-1976, and are necessary so that the benefit/cost ratio
attributable to Lake Erie regulation can be separated from that obtained
through satisfaction of the IJC Orders of Approval for Lake Ontario.
These adjustments reflect, not only the changes required to accommodate
the extreme water supplies, but also those which are occasioned by regulation
of Lake Superior under Plan 1977. Adjustments to Plan 1958-0 under the
basis-of-comparison are described in the following sections.
3.7.1 "M" Minimum Flow Limitation
Listed below are the minimum flows under Plan 1958-0, and under the
modified Plan 1958-0. The reduction in minimum flow under the adjusted
basis-of-comparison was necessary to accommodate the low water supplies of the
1960's and satisfy the 1 April level under Criterion (j) of the Supplementary
Orders of Approval.
TABLE A-6
MINIMUM OUTFLOWS
(in TCFS)
Adjusted
Month Basis-of-Comparison Basis-of—Com arison
Jan 210 203
Feb 207 200
Mar 204 196
Apr 188 ‘ 188
May 188 188
Jun 190 190
Jul 193 195
Aug 193 197
Sep 193 202
Oct 193 203
Nov 198 203
Dec 210 203
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 3.7.2 "I" Limitation
The
"I"
lim
ita
tio
n,
as
not
ed,
has
bee
n
wai
ved
on
num
ero
us
occ
asi
ons
und
er
act
ual
ope
rat
ion
.
Und
er
the
adj
ust
ed
bas
is-
of—
com
par
iso
n,
thi
s l
imi
tat
ion
on
rel
eas
e
dur
ing
the
las
t
hal
f
of
Dec
emb
er
has
not
bee
n
emp
loy
ed.
3.7.3 "J" Limitation
Und
er
Pla
n 1
958
-0,
the
res
tri
cti
on
on
cha
nge
s i
n f
low
bet
wee
n r
egu
lat
ion
per
iod
s i
s l
imi
ted
to
20,
000
cfs
.
Und
er
the
adj
ust
men
t e
mpl
oye
d h
ere
in,
thi
s
value has been changed to 45,000 cfs.
3.7.4 "L" Maximum Outflow Limitation
The
St.
Law
ren
ce
Sea
way
and
Pow
er
Pro
jec
t C
han
nel
s,
com
ple
ted
in
195
8,
wer
e d
esi
gne
d a
nd
bui
lt
to
acc
omm
oda
te
the
his
tor
ic
wat
er
sup
pli
es
up
thr
oug
h
195
4 a
nd
sat
isf
y t
he
IJC
cri
ter
ia
for
the
reg
ula
tio
n o
f L
ake
Ont
ari
o.
The
wat
er
sup
pli
es
dur
ing
the
mid
-19
60'
s a
nd
ear
ly
197
0's
exc
eed
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the
his
tor
ic
ran
ge
emp
loy
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the
Pla
n 1
958
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des
ign
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Hen
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tai
n r
evi
sio
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e
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ess
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tio
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urv
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f P
lan
195
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to
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omm
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se
wat
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and
sat
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y t
he
cri
ter
ia
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sam
e d
egr
ee
as
und
er
the
ori
gin
al
tes
t o
f P
lan
195
8-D
.
Fig
ure
A-7
sho
ws
the
mod
ifi
ed
I'L"
lim
ita
tio
n
cur
ve
emp
loy
ed
in
the
adj
ust
ed
bas
is-
of-
com
par
iso
n.
3.7.5 "P" Maximum Flow Limitation
Dur
ing
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tai
n p
eri
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of
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yea
r,
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flo
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is
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pro
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rit
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a
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(d)
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Ord
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se
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Plan
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,000
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when
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St.
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ing
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s 3
45,
000
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3.7.6 "P" Minimum Flow Limitation
No
cha
nge
was
mad
e i
n t
his
fea
tur
e u
nde
r t
he
adj
ust
ed
bas
is-
of-
com
par
iso
n
from that employed in the basis-of-comparison.
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Section 4
EVALUATION OF REGULATION PLANS
4.1 General
The
two
primary
hydrologic
factors
evaluated
in
the
report
are
lake
levels and outflows.
Analysis of these two factors includes the consideration
of their maximum, mean and minimum monthly values,
ranges, duration and
seasonal distribution.
Various criteria expressed in these hydrologic tenns
are used to evaluate the regulation plans developed herein.
These criteria
reflect the IJC "Orders of Approval" on the regulated lakes.
For the
currently non-regulated lakes, similar criteria were developed by the
investigators.
The evaluation involves the determination of the degree to
which each regulation plan meets such criteria in comparison to the
basis-of-comparison. The data employed are those resulting from the test of
the regulation plan over the 1900-1976 water supply period. The following
subsections discuss the hydrologic evaluation of selected plans with respect
to the criteria and objectives for regulation. Presented are the Category 1
evaluation for all lakes and the Category 2 and 3 evaluations for Lake
Ontario.
4.2 Category 1 Plans
Category 1 Plans consist of limited regulation of Lake Erie, with present
channel limitation of the St. Lawrence River, and Lake Ontario regulated in
accordance with Plan 1958-0, with discretionary deviations as they actually
occurred.
4.2.1 Lake Superior
Criterion (a): The Commission's 1979 Orders require that Lake
Superior be maintained so as not to exceed 602.0 feet nor fall below 598.4
feet.
The maximum and minimum monthly mean levels of Lake Superior under each
of the plans selected for detailed evaluation are shown on Table A-7. 0f
considerable importance with respect to this criterion is the frequency of
occurrence of high and low levels. Tables A-8 and A-9 compare the frequency
under each of the plans with the basis-of-comparison.
Table A—7 shows that regulation of Lake Erie would not cause a marked
impact on the maximum level. In fact, the maximum level is the same as that
occurring under the basis-of-comparison. In all cases, the criterion "not to
exceed 602.0" has been satisfied. In addition, Table A-7 shows that although
the extreme low levels have been lowered somewhat by the regulation of Lake
Erie, they have not been lowered below 598.4 feet.
A-33
  
 TABLE A-7
LAKE ERIE REGULATION - CATEGORY 1
Lake Levels in Feet, IGLD (1955)
Basi
s-of
-
Comgarison
Plan 6L
PIan 155
Plan 25N
LAKE SUPERIOR
 
MEAN
600.44
600.43
600.41
600.37
MAX
601.93
601.93
601.93
601.93
MIN
598.69
598.68
598.65
598.62
RANGE
3.24
3.25
3.28
3.31
LAKES MICHIGAN-HURON
MEAN
578.27
578.24
578.18
578.05
MAX
581.16
581.09
580.99
580.75
MIN
575.46
575.45
575.42
575.36
RANGE
5.70
5.64
5.57
5.39
A
-
3
4
LAKE ERIE
MEAN
570.76
570.67
570.53
570.17
MAX
573.60
573.45
573.18
572.53
MIN
568.1
568.07
568.02
567.84
RANGE
5.50
5.38
5.16
4.69
LAKE ONTARIO
(Category l-with deviation)
MEAN
244.63
244.64
244.65
244.63
MAX
247.37
247.39
247.56
247.50
MIN
241.81
241.74
241.59
241.38
RANGE
5.56
5.65
5.97
6.12
TABLE
A-8
MONTHLY MEAN WATER LEVELS OF LAKE SUPERIOR
19
00
-1
97
6
NUMBER OF
OCCURRENC
ES ABOVE
LEVEL SHO
WN
Montth Basi s-of-
Mean Level Comgarison P1an 6L Plan 155 P1an 25N
 
602.0 0 O O 0
601.9
1
1
1
1
601.8 1 1 1 1
A
-
3
5
601.7 2 2 2 2
601.6 9 8 5 4
601.5 18 19 16 11
Maximum
601.93
601.93
601.93
601.93
 
 Monthly
Mean
Level
600.0
599
.5
599
.0
598
.5
598
.0
Min
imu
m
A
-
3
6
600.0
59
9.
5
599
.0
598
.5
598
.0
M
i
n
i
m
um
TABLE A-9
MON
THL
Y M
EAN
WAT
ER
LEV
ELS
OF
LAK
E S
UPE
RIO
R
19
00
-1
97
6
NUM
BER
OF
OCC
URR
ENC
ES
BEL
OW
LEV
EL
SHO
WN
ALL
MON
THS
Basis-of-
Com
gar
iso
n
Pla
n 6
L
Pla
n 1
5$
Pla
n 2
5N
 
211
218
225
247
49
49
56
61
6
7
7
9
O
O
O
O
O
O
0
0
598.69
598.68
598.65
598.62
APRIL-
NOVEMB
ER
l
85
9o
93
103
18
18
23
25
‘
2
2
2
3
l
o
o
o
o
0
0
0
0
1
598.7
0
598.6
9
598.6
6
598.6
3
 Tables A-8 and A-9 emphasize the above point.
Table A-8 shows a
reduction in the frequency of occurrence of all stages above 601.6 feet under
all three plans, when compared to the basis-of-comparison.
This should
provide a benefit to the coastal zone interests on Lake Superior.
Table A-9
shows an increase in the frequency of levels below elevation 600.0 feet (LWD
on Lake Superior).
The magnitude of Towering becomes greater as the magnitude
of increased outflow from Lake Erie becomes greater (6L vs. 25M). The
lowering would have an adverse impact on navigation and power.
Criterion
(b):
The Commission's Orders specify, that in order to
guard against unduly high levels of water in the lower St. Marys River, the
excess discharge at any time over and above that which would have occurred at
a similar level on Lake Superior prior to 1887, shall be restricted so that
elevation of the water surface immediately below the locks shall not be
greater than 582.9 feet.
In the test of the Lake Superior portion of the plans presented herein,
over the period 1900-1976, the maximum stage at the U.S. Slip gage, below the
lock was as shown on Table A-10. Table A-10 shows that criterion (b) has been
satisfied by all three plans.
TABLE A—lO
MAXIMUM STAGE - U.S. SLIP
Elevation
Basis-of-Comparison 582.32
Plan 6L 582.28
Plan 155 582.24
Plan 25N 582.09
The Commission's 1979 Order specifies that whenever the monthly mean
level of the lake is less than 600.5 feet, the total discharge permitted shall
be no greater than that which would have been discharged at the prevailing
stage of Lake Superior prior to 1887.
This criterion was not evaluated since it was a criterion developed for
operational purposes and did not impact on the theoretical application of the
plan. However, Tables A-9 and A-13 show that this criterion, if evaluated,
woul
d ha
ve b
een
sati
sfie
d to
appr
oxim
atel
y th
e sa
me d
egre
e as
unde
r th
e
basis-of-comparison.
Cri
ter
ion
(c)
:
The
max
imu
m o
pen
-wa
ter
(Ma
y-N
ove
mbe
r)
lim
ita
tio
n
on outflow from Lake Superior is equivalent to the discharge capacity of the
Compensating Works, plus 65,000 cfs.
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Criterion
(b):
Consistent
with
other
requirements,
reduce
the
frequenCy
of
occurrence
of
low
Lakes
Michigan-Huron
levels,
eSpecially
during
the navigation season (April-November).
Table
A-15
indicates
that
all
three
plans
reduce
the
minimum
stage
and
increase
the
frequency
of
occurrence
of
levels
below
LND,
in
comparison
to
the
basis-of-comparison.
Even
though
the
magnitude
of
the
lowering
is
small,
the
plans
have
an
adverse
impact
when
compared
to
the
objectives
for
Lake
Erie
regulation.
4.2.3 Lake Erie
The
following
paragraphs
give
the
evaluation
of
effects
of
the
various
plans
on
Lake
Erie,
employing
criteria
formulated
by
the
Board
for
this
purpose.
Criterion
(a):
Consistent
with
other
requirements,
reduce
the
frequency of occurrence of high Lake Erie levels.
Table
A—16
indicates
that
all
three
plans
lower the
maximum
level
and
reduce the frequency of occurrence of high levels.
This reduction amounts to
1.07 feet
under Plan 25N;
0.42 foot under Plan 155 and 0.15 foot under Plan
6L.
The frequency of occurrence of high levels (above 572.0 feet)
was reduced
by 85% under Plan 25N; 46% under 153; and 18% under 6L.
Hence, this criterion
has been satisfied by all plans evaluated.
Criterion (b):
Consistent with other requirements, reduce the
frequency of occurrence of low Lake Erie levels, especially during the
navigation season (April-November).
Table A-17 shows that the minimum stage would be reduced and the
frequency of occurrence of low levels would be increased under all three
plans, in canparison to the basis-of—comparison. The table shows a lesser
impact during the navigation season than during the all-months period.
However, even though this lowering is small in magnitude, the plans have not
satisfied the criterion, in comparison with the conditions existing under the
basis-of-comparison.
4.2.4 Lake Ontario
The criteria and supplementary requirement stated hereunder have been
extracted directly from the 1963 report entitled "Regulation of Lake Ontario
Plan 1958-0", by the International St. Lawrence River Board of Control to the
International Joint Commission. These criteria and the tests of regulation
plans by that Board relate to the 1860-1954 period. For evaluation purposes
in this study, as noted in Section 2.2, the period of study is 1900-1976, and
the basis-of-comparison includes the current operating plan (Plan 1958-0) as
designed for the period 1900-1960 and as operated thereafter.
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In the following paragraphs each criterion and supplementary requirement of
regulation
is
stated,
followed
by
a discussion with
tables
showing
the
degree
to which each plan fulfills these requirements in comparison with the current
operating plan.
It should be noted that under Category 1 there is no attempt
to modify
Plan
1958—0
to
accommodate
the
increased
inflow
due
to Lake
Erie
regulation.
Criterion
(a):
The regulated outflow from Lake Ontario from April
1 to December 15 shall be such as not to reduce the minimum level of Montreal
Harbour below that which would have occurred in the past with the supplies to
Lake Ontario since 1860 adjusted to a condition assuming a continuous
diversion out of the Great Lakes basin of 3,100* cubic feet per second at
Chicago and a continuous diversion into the Great Lakes basin annually of
5,000 cubic feet per second from the Albany River basin.
Lake St. Louis outflows are representative of the levels of Montreal
Harbour.
A comparison of the minimum monthly mean outflows from Lake St.
Louis with basis-of—comparison data will indicate the degree to which the
criterion has been satisfied.
To assess the effect of regulation on low water
levels of Montreal Harbour, it has been customary in the studies conducted by
the International St. Lawrence River Board of Control to compare the frequency
of occurrence of outflows from Lake St. Louis below 230,000 cfs.
Table A-18 shows that the minimum outflow from Lake St. Louis under all
three plans is the same (except for 25N) as that which occurred under the
basis-of-comparison. The table also shows a comparison of the frequency of
occurrence of low flows. The table shows a slight increase in low flow below
230,000 under Plan 155 and Plan 25N, however, at flows less than 225,000 cfs
the frequency of occurrence under all three plans is practically the same as
under the basis-of—comparison; however, the criterion has not been satisfied
to the same degree as under current operating conditions.
Criterion (b): The regulated winter outflows from Lake Ontario
from December 15 to March 31 shall be as large as feasible and shall be
maintained so that the difficulties of winter operation are minimized.
Table A-19 shows that the minimum outflow under all three plans are the
same as occurred under the basis-of-comparison and thus the criterion has been
satisfied.
Criterion (c): The regulated outflow from Lake Ontario during the
annual spring break-up in Montreal Harbour and in the river downstream shall
not be greater than would have occurred assuming supplies of the past as
adjusted.
*Changed to 3,200 cfs in this study.
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MONTHLY
MEAN
OUTFLOWS
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ONTARIO
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(1900-1976)
Basis-of-
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Envelope of Lake Ontario Water Levels vs. Outflow - Category 1
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A-24
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.77
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5.
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)
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RENCE
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Criterion
(i):
Under
regulation,
the
fre
uenc
of
occ
monthly
mean
elevations
of
approximately
245.77
and
hggheryon
Lakeusnsgﬁgg
Of
shall
be
less
than
would
have
occured
in
the
past
with
the
supplies
of
the
past
as
adjusted
and
with
present
channel
conditions
in
the
Galop
Rapids
reach
of
the
International
Rapids
Section
of
the
St.
Lawrence
River.
Table
A-25
reflects
the
same
condition
enumerated
under
Criteria
(9)
and
(h).
Criterion
(j):
The
regulated
level
of
Lake
Ontario
on
1
April
shall
not
be
lower
than
elevation
242.77.
The
regulated
mean
level
of
the
lake
from
1 April
to
30
November
shall
be
maintained
at
or
above
elevation
242.77.
Table A-26 shows
a general
lowering of the 1 April
level
and of the
minimum
monthlymean
level
for the period April
thru November under all three
plans,
as compared to those which occurred under the basis-of-comparison.
Hence, the criterion has not been satisfied to the same degree.
(See note
Criterion (g)).
Criterion (k): In the event that future supplies occur in excess
of the supplies of the past as adjusted, the works in the International Rapids
Section shall be operated to provide all possible relief to the riparian
owners upstream and downstream.
In the event of future supplies less than the
supplies of the past as adjusted, the works in the International Rapids
Section shall be Operated to provide all possible relief to navigation and
power interests.
All plans were developed using the supplies of the past as adjusted, and
this criterion refers to magnitudes and sequences of supplies in the future
that may be more critical than those of the past. Since this condition refers
to future conditions, it cannot be evaluated.
Lake St. Louis Low Water Levels: One supplementary requirement of
regulation relates to Lake St. Louis low water levels and states that "The
project works shall be operated in such a manner as to provide no less
protection for navigation and riparian interests downstream than would have
occurred under preproject conditions with the supplies of the past as
adjusted, as defined in Criterion (a) herein."
Table A-27 shows that the minimum level under all three plans has been
lowered slightly below that which occurred under the basis-of—comparison. The
frequency of the occurrence of these low levels under Plans 155 and 25N has
also been increased when compared to those of the basis-of-comparison.
However, as noted above no attempt has been made to adjust for this condition. !
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(NUMBER
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9
232
Plan 25N
55
5.
Eg
g,
30
4
20
0
235
200
280
200
29
5
19
5
M5
.-
228
213
230
233
TABLE
A-30
MEAN
MARCH
OUTFLOWS
FROM
LAKE
ONTARIO
(1900—1976)
(NUMBER
OF
OCCURRENCES
ABOVE
OUTFLOW
SHOWN)
CATEGORY
2
Outflow
(Thousands
Basis-of-
of
CFS)
Comgarison
Plan
6L
Plan
155
Plan
25N
250
19
20
22
23
260
11
8
11
11
270
7
7
7
8
280
4
4
4
3
290
2
1
2
1
Maximum
300
297
297
297
 
MEAN
FIRST
HALF
APRIL
OUTFLOWS
FROM
LAKE
ONTARIO
(1900-1976)
(NUMBER
OF
OCCURRENCES
ABOVE
OUTFLOW
SHOWN)
250
28
28
3O
29
260
17
15
20
21
270
11
11
13
14
280
6
8
9
9
290
5
6
6
6
Maximum
318
318
320
319
A
-
6
3
CATEGORY
3
MEAN
MARCH
OUTFLOWS
FROM
LAKE
ONTARIO
(1900-1976)
(NUMBER
OF
OCCURRENCES
ABOVE
OUTFLOW
SHOWN)
Outflow
Adjusted
(Thousands
Basis-of-
Basis-of-
of CFS
Com
arison
Com arison
Plan
6L
Plan
155
Plan
25N
___JL______
___J1______
_____.__
_________
250
19
23
23
-
26
25
260
11
11
13
15
16
270
7
7
7
8
8
280
4
4
4
6
4
290
2
1
1
1
1
Maximum
300
294
295
297
295
   
 A
-
6
4
Out
flo
w
(T
ho
us
an
ds
of
CF
S)
25
0
260
27
0
2
8
0
290
M
a
x
i
m
u
m
ME
AN
FI
RS
T
HA
LF
AP
RI
L
OU
TF
(
N
U
M
B
E
R
O
F
O
C
C
U
R
R
E
N
C
E
S
A
B
O
V
E
O
U
T
F
L
Ba
si
s-
of
—
Co
mg
ar
is
on
28
1
7
1
1
6
5
31
8
TA
BL
E
A-
3O
(C
on
t'
d)
Ad
ju
st
ed
B
a
s
i
s
-
o
f
-
C
o
m
g
a
r
i
s
o
n
2
9
19
1
2
10
9
331
CA
TE
GO
RY
3
PT
an
6L
 
3O
2
0
1
3
1
1
9
332
LO
N
FR
OM
LA
KE
O
N
T
A
R
I
O
(1
90
0—
19
76
)
ON
S
H
O
W
N
)
Pl
an
15
5
 
33
23
1
6
12
9
33
6
PT
an
25
N
 
30
2
5
1
5
12
9
332
—c
o
m
p
a
r
i
s
o
n
t
o
t
h
e
b
a
s
i
s
-
o
f
—
c
o
m
p
a
r
i
s
o
n
.
T
h
i
s
i
s
a
l
s
o
t
r
u
e
o
f
C
a
t
e
g
o
r
y
3
,
w
h
e
n
c
o
m
p
a
r
i
n
g
t
h
e
p
l
a
n
s
w
i
t
h
t
h
e
a
d
j
u
s
t
e
d
b
a
s
i
s
-
o
f
—
c
o
m
p
a
r
i
s
o
n
.
In
g
e
n
e
r
a
l
,
t
h
e
t
h
r
e
e
L
a
k
e
E
r
i
e
r
e
g
u
l
a
t
i
o
n
p
l
a
n
s
b
e
i
n
g
e
v
a
l
u
a
t
e
d
d
o
n
o
t
s
a
t
i
s
f
y
t
h
i
s
c
r
i
t
e
r
i
o
n
as
well
as
the
present
conditions
do.
C
r
i
t
e
r
i
o
n
(d):
A
n
n
u
a
l
f
l
o
o
d
d
i
s
c
h
a
r
g
e
O
t
t
a
w
a
R
i
v
e
r
.
T
h
e
a
n
n
u
a
l
f
l
o
o
d
d
i
s
c
h
a
r
g
e
is
e
v
a
l
u
a
t
e
d
b
y
c
o
m
p
a
r
i
s
o
n
o
f
f
l
o
w
s
o
ut
o
f
Lake
O
n
t
a
r
i
o
and
Lake
St.
Louis,
during
the
months
of
April,
May,
and
June.
Table
A-31
provides
this
comparison.
The
table
shows
that
under
Category
2
t
h
e
m
a
x
i
m
u
m
o
u
t
f
l
o
w
s
a
r
e
less
t
h
e
n
,
but
t
h
e
f
r
e
q
u
e
n
c
y
of
high
f
l
o
ws
f
r
o
m
L
a
k
e
Ontario
under
the
plans
are
a
p
p
r
o
xi
m
a
t
e
l
y
the
same
as
under
the
basis-of—comparison.
However,
for
Lake
St.
Louis
outflow,
even
though
the
maximum
flow
is
somewhat
higher,
the
frequency
of
flows
above
380,000
cfs
is
approximately
the
same
as
occurred
under
the
basis-of-comparison.
Category
3,
in
comparison
to
the
adjusted
basis-of-comparison,
shows
an
increase
in
the
maximum
flow
from
Lake
Ontario
under
Plan
153.
However,
there
is
very
little
impact
on
Lake
St.
Louis.
The
same
conditions
prevail
under
the
frequency
comparison,
i.e,
a
slight
increase
in
high
flow
from
Lake
Ontario
with
little
impact
on
Lake
St.
Louis,
when
compared
with
the
adjusted
basis-of—comparison.
It
should
be
noted
that
under
Category
3
there
would
be
channel
improvements
in
both
the
International
and
Canadian
reaches
of
the
river.
These
improvements
should
offset
the
effect
of
these
high
flows
and
make
the
level
conditions
no
worse
than
occurred
under
the
basis-of—comparison.
 
Criterion
(e):
Minimum
outflow
from
Lake
Ontario.
Table
A-32
compares
the
minimum
flows
resulting
under
each
regulation
plan
for
both
Categories
2
and
3.
The
table
shows
that
both
categories
provide
higher
minimum
flows
than
under
the
basis-of—comparison.
These
flows
are
approximately
the
same
as
occurred
under
the
adjusted
basis-of-comparison,
except under Plan 25N.
Criterion
(f):
Maintain
the
maximum
outflows
as
low
as
possible
so as to reduce Channel excavation.
The
most
important
consideration
in
connection
with
Criterion
(f)
is
that
the
plans
should
not
produce
more
critical
conditions
than
those
which occur
under
the
current
operating
plan.
It
should
be
noted
that
the
current
operating
rule does
not
satisfy
the
criteria
over
the 1900-1976
study
period.
Hence,
to
evaluate
this
criterion
and to
determine
that
portion of
the
channel
increase which
can
be
attributed
to
Lake
Erie
regulation,
it
was
first
.
necessary to adjust
the basis-of-comparison so that it satisfied the criteria
(called the adjusted basis—of-comparison in this report).
Figure A—9 shows
the open-water envelope of water levels versus outflows for the Category 2
Plans.
Neither
these
plans
nor
the basis-of-comparison
satisfy
the
requirement.
Figure
A-lO
shows
that
if the
necessary
channel
modifications
were made, as required by the adjusted basis-of—comparison to satisfy the
requirement,
these modifications would be adequate to handle Plan 6L.
Plans
155 and 25N, however, would require further minor channel enlargements.
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TABLE
A-31
(Cont'd)
MONTHLY MEAN OUTFLOWS FROM LAKE ONTARIO AND LAKE ST. LOUIS
APRIL, MAY AND JUNE (1900-1976)
(NUMBER OF OCCURRENCES ABOVE OUTFLON SHOWN)
CATEG
ORY
3
LAKE ONTARIO
Outflow
Adjusted
(Thousands ,Basis-of-
Basis-of-
of CFS
Comparison
Comparison
Plan 6L
Plan 158
Plan 25N
 
April May June April May June April Max June April May June April May
 
260
22 31 3O 23 31 3O 23 31 3O 29 31 3O 25 29
270
12 24 27 15 24 27 15 23 26 18 26 26 15 26
280 9 15 22 12 17 23 11 16 20 13 18 21 12 20
290
6 10 13 9 13 14 9 12 14 10 12 15 9 14
300
4 5 8 6 7 9 7 7 8 9 7 11 8 8
310
1
2
3
4
4
6
4
4
6
5
6
6
5
6
Maximum 324 337 350 332 334 334 333 334 334 338 340 337 333 334
A
-
6
7
LAKE ST. LOUIS
380
390
400
41
0
420
430
440
450
Maximum
H1
—
.
L
0
v
—
O
1
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4
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5
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4
13
1
-
1
C
O
H
N
v
—
u
O
Q
'
M
M
H
H
H
H
H
O
H
Q
m
M
M
H
r
—
‘
I
—
d
l
—
‘
N
H
O
‘
L
O
L
D
Q
'
N
r
—
l
l
—
i
m
Q
m
m
M
H
H
H
H
m
O
K
O
L
O
L
O
d
-
N
p
—
i
v
-
i
m
k
o
k
O
M
N
v
—
(
H
O
O
O
‘
I
C
O
R
-
G
L
O
M
N
H
H
I
—
‘
N
0
3
0
m
m
e
L
O
V
(
V
)
l
\
d
"
L
!
)
Q
-
I
\
V
L
O
Vl
\
VmQ
‘
L
O
Q
'
  
O
K
O
V
'
M
N
v
—
h
—
H
D
K
D
H
<
f
<
f
'
 A
-
6
8
Mo
nt
h
J
a
n
u
a
r
y
Febr
uary
Ma
rc
h
Ap
ri
T
May
June
Ju
ly
Au
gu
st
S
e
p
t
e
m
b
e
r
O
c
t
o
b
e
r
No
ve
mb
er
D
e
c
e
m
b
e
r
Ba
si
s-
of
-
Co
mg
ar
is
on
18
5
182
17
9
17
7
17
6
190
20
0
201
20
1
19
6
198
19
2
TA
BL
E
A—
32
C
A
T
E
G
O
R
Y
2
Pl
an
6L
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0
5
20
2
19
5
18
8
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0
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1
2
0
2
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5
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0
5
2
0
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HL
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0
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0
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2
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2
A
-
6
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Jan
uar
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J
u
n
e
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Sept
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r
October
Nove
mber
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Basis-of-
Comga
rison
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1
7
7
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6
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1
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6
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192
Adju
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—
Comga
rison
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0
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3
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LE
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0
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1
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0
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1
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(TCFS)
E
n
v
e
l
o
p
e
o
f
L
a
k
e
O
n
t
a
r
i
o
W
a
t
e
r
L
e
v
e
l
s
vs.
O
u
t
f
l
o
w
-
C
a
t
e
g
o
r
y
3
 C
r
i
t
e
r
i
o
n
(
9
)
:
M
o
n
t
h
l
y
m
e
a
n
L
a
k
e
O
n
t
a
r
i
o
l
e
v
e
l
s
.
T
a
b
l
e
A
-
3
3
s
h
o
w
s
a
c
o
m
p
a
r
i
s
o
n
o
f
t
h
e
m
a
x
i
m
u
m
,
m
e
a
n
a
n
d
m
i
n
i
m
u
m
l
e
v
e
l
s
u
n
d
e
r
a
l
l
p
l
a
n
s
i
n
c
o
m
p
a
r
i
s
o
n
t
o
t
h
o
s
e
w
h
i
c
h
o
c
c
u
r
r
e
d
u
n
d
e
r
t
h
e
b
a
s
i
s
-
o
f
-
c
o
m
p
a
r
i
s
o
n
a
n
d
t
h
e
a
d
j
u
s
t
e
d
b
a
s
i
s
-
o
f
-
c
o
m
p
a
r
i
s
o
n
.
T
h
e
t
a
b
l
e
s
h
o
w
s
t
h
a
t
t
h
e
m
a
x
i
m
u
m
s
t
a
g
e
c
r
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t
e
r
i
o
n
w
o
u
l
d
h
a
v
e
b
e
e
n
a
p
p
r
o
x
i
m
a
t
e
l
y
s
a
t
i
s
f
i
e
d
u
n
d
e
r
b
o
t
h
C
a
t
e
g
o
r
i
e
s
2
a
n
d
3
i
n
c
o
m
p
a
r
i
s
o
n
t
o
t
h
a
t
w
h
i
c
h
o
c
c
u
r
r
e
d
u
n
d
e
r
t
h
e
a
p
p
r
o
p
r
i
a
t
e
b
a
s
i
s
-
o
f
-
c
o
m
p
a
r
i
s
o
n
.
U
n
d
e
r
b
o
t
h
c
a
t
e
g
o
r
i
e
s
t
h
e
m
i
n
i
m
u
m
l
e
v
e
l
h
a
s
b
e
e
n
r
a
i
s
e
d
.
H
e
n
c
e
,
u
n
d
e
r
b
o
t
h
c
a
t
e
g
o
r
i
e
s
al
l
p
l
a
n
s
s
a
t
i
s
f
y
t
h
e
c
r
i
t
e
r
i
o
n
t
o
a
h
i
g
h
e
r
d
e
g
r
e
e
t
h
a
n
t
h
e
b
a
s
i
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-
o
f
-
c
o
m
p
a
r
i
s
o
n
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C
r
i
t
e
r
i
o
n
(
h
)
:
M
o
n
t
h
l
y
o
c
c
u
r
r
e
n
c
e
a
b
o
v
e
2
4
6
.
7
7
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c
o
m
p
a
r
i
n
g
C
a
t
e
g
o
r
y
2
P
l
a
n
s
,
t
o
t
h
e
b
a
s
i
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-
o
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c
o
m
p
a
r
i
s
o
n
a
n
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C
a
t
e
g
o
r
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p
l
a
n
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t
h
e
a
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j
u
s
t
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s
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-
o
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o
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n
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n
c
r
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b
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o
c
c
u
r
r
e
n
c
e
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b
o
v
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2
4
6
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7
7
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s
e
e
n
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T
a
b
l
e
A
-
3
4
)
.
H
o
w
e
v
e
r
,
s
i
n
c
e
t
h
e
s
e
i
n
c
r
e
a
s
e
s
a
r
e
l
e
s
s
t
h
a
n
0
.
1
f
o
o
t
(
T
a
b
l
e
A
-
3
3
)
i
t
w
a
s
c
o
n
c
l
u
d
e
d
t
h
a
t
t
h
i
s
c
r
i
t
e
r
i
o
n
h
a
s
been satisfied.
C
r
i
t
e
r
i
o
n
(i
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M
o
n
t
h
l
y
o
c
c
u
r
r
e
n
c
e
a
b
o
v
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7
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a
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A
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3
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o
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r
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e
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y
of
o
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c
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r
e
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c
e
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e
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5.
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o
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a
t
e
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o
r
y
2
p
l
a
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n
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f
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c
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m
e
d
e
g
r
e
e
as
u
n
d
e
r
t
h
e
c
u
r
r
e
n
t
o
p
e
r
a
t
i
n
g
ru
le
no
r
do
t
h
e
C
a
t
e
g
o
r
y
3
p
l
a
n
s
,
w
h
e
n
c
o
m
p
a
r
e
d
t
o
t
h
e
a
d
j
u
s
t
e
d
b
a
s
i
s
-
o
f
—
c
o
m
p
a
r
i
s
o
n
.
H
o
w
e
v
e
r
,
u
n
d
e
r
C
a
t
e
g
o
r
y
3
th
e
pl
an
s
sh
ow
a
re
du
ct
io
n
in
th
e
fr
eq
ue
nc
y
of
o
c
c
ur
r
e
n
c
e
of
th
es
e
hi
gh
le
ve
ls
an
d,
h
e
n
c
e
,
ha
s
s
a
t
i
s
f
i
e
d
t
h
i
s
c
r
i
t
e
r
i
o
n
to
a
h
i
g
h
e
r
d
e
g
r
e
e
t
h
a
n
t
h
e
c
u
r
r
e
n
t
o
p
e
r
a
t
i
n
g
r
ul
e
,
bu
t
no
t
t
o
t
h
e
s
a
m
e
d
e
g
r
e
e
as
t
h
e
a
d
j
u
s
t
e
d
basis-of-comparison.
C
r
i
t
e
r
i
o
n
(j
):
M
i
n
i
m
um
le
ve
l
du
ri
ng
th
e
n
a
vi
g
a
t
i
o
n
se
as
on
.
T
a
b
l
e
A
-
3
6
sh
ow
s
th
at
un
de
r
bo
th
C
a
t
e
g
o
r
i
e
s
2
an
d
3
th
e
m
i
n
i
m
u
m
m
o
n
t
h
l
y
me
an
le
ve
l
du
ri
ng
th
e
pe
ri
od
Ap
ri
l
th
ru
N
o
ve
m
b
e
r
is
h
i
g
h
e
r
th
an
th
at
s
t
i
p
ul
a
t
e
d
by
th
e
c
r
i
t
e
r
i
o
n
(2
42
.7
7
fe
et
);
he
nc
e,
th
is
po
rt
io
n
of
th
e
c
r
i
t
e
r
i
o
n
ha
s
be
en
s
a
t
i
s
f
i
e
d
by
al
l
pl
an
s.
U
n
d
e
r
al
l
C
a
t
e
g
o
r
y
2
pl
an
s
th
e
1
Ap
ri
l
le
ve
l
s
t
i
p
ul
a
t
e
d
by
th
e
c
r
i
t
e
r
i
o
n
ha
s
no
t
be
en
at
ta
in
ed
,
an
d,
he
nc
e,
th
e
c
r
i
t
e
r
i
o
n
as
a
wh
o
l
e
ha
s
no
t
be
en
sa
ti
sf
ie
d.
Al
l
C
a
t
e
g
o
r
y
3
pl
an
s
sa
ti
sf
y
th
e
1
Ap
ri
l
c
r
i
t
e
r
i
o
n
,
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d
o
e
s
t
h
e
a
d
j
u
s
t
e
d
b
a
s
i
s
-
o
f
-
c
o
m
p
a
r
i
s
o
n
.
C
r
i
t
e
r
i
o
n
(k
):
Se
e
d
i
s
c
us
s
i
o
n
un
d
e
r
C
a
t
e
g
o
r
y
1.
La
ke
St
.
Lo
ui
s:
Su
pp
le
me
nt
ar
y
re
qu
ir
em
en
t
re
la
te
d
to
lo
w
le
ve
ls
.
T
a
b
l
e
A
—3
7
s
h
o
w
s
t
h
a
t
t
h
e
m
i
n
i
m
u
m
le
ve
l
w
h
i
c
h
w
o
u
l
d
h
a
v
e
r
e
s
u
l
t
e
d
u
n
d
e
r
th
e
t
h
r
e
e
pl
an
s
ar
e
a
p
p
r
o
xi
m
a
t
e
l
y
th
e
sa
me
as
t
h
o
s
e
wh
ic
h
wo
ul
d
ha
ve
o
c
c
ur
r
e
d
un
d
e
r
th
e
b
a
s
i
s
-
o
f
-
c
o
m
p
a
r
i
s
o
n
a
nd
/
0r
th
e
ad
ju
st
ed
b
a
s
i
s
-
o
f
-
c
o
m
p
a
r
i
s
o
n
.
Th
e
t
a
b
l
e
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so
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ow
s
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th
e
f
r
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n
c
y
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c
c
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TABLE A-33
MONTH
LY ME
AN L
EVELS
OF LA
KE ON
TARIO
(1900
—1976
)
CAT
EGO
RY
2
Basi
s-of
-
Comg
aris
on
Plan
6L
244.
61
244.
66
244.
69
247.3
7
247.3
4
247.4
2
241.
81
242.
04
242.
12
5.56
5.30
5.30
CATEGORY 3
Ad
ju
st
ed
Basis
-of-
Basis
-of-
Comp
aris
cn
Comg
aris
on
Plan
6L
Plan
153
244
.61
244
.63
244
.64
244
.65
247
.37
246
.77
246
.79
246
.84
241
.81
242
.38
242
.32
242
.34
5.5
6
4.3
9
4.4
7
4.5
0
Plan 155
Plan
25N
244
.71
24
7.
45
242.21
5.
24
Bl
éﬂ
_§
§ﬁ
24
4.
67
24
6.
83
242
.47
4.
36
 A
-
7
4
T
A
B
L
E
A
-
3
4
M
O
N
T
H
L
Y
M
E
A
N
L
E
V
E
L
S
O
F
L
A
K
E
O
N
T
A
R
I
O
(
1
9
0
0
—
1
9
7
6
)
PL
AN
 
B
a
s
i
s
-
o
f
-
C
o
m
p
a
r
i
s
o
n
P
l
a
n
6
L
P
l
a
n
1
5
5
P
l
a
n
2
5
N
P
L
A
N
B
a
s
i
s
-
o
f
-
C
o
m
p
a
r
i
s
o
n
A
d
j
u
s
t
e
d
B
a
s
i
s
-
o
f
-
C
o
m
p
a
r
i
s
o
n
P
l
a
n
6
L
Pl
an
15
8
P
l
a
n
2
5
N
(
N
U
M
B
E
R
O
F
O
C
C
U
R
R
E
N
C
E
S
A
B
O
V
E
E
L
E
V
A
T
I
O
N
2
4
6
.
7
7
)
C
A
T
E
G
O
R
Y
2
O
C
C
U
R
R
E
N
C
E
S
 
8
11
1
3
1
7
C
A
T
E
G
O
R
Y
3
O
C
C
U
R
R
E
N
C
E
S
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 TABLE A-35
MONTHLY MEAN LEVELS OF LAKE ONTARIO (1900-1976)
(NUMBER OF OCCURRENCES EQUAL TO OR ABOVE ELEVATION 245.77)
CATEGORY 2
PLAN
OCCURRENCES
Basis-of-Comparison
100
Plan
6L
104
Plan 155 110
Plan 25N
121
CATEG
ORY 3
A
-
7
5
ELAN
OCCURRENCES
Basis-of-Comparis
on
100
Adjusted Basis—of
—Csmparlson
86
Plan 6L
88
Plan 155
90
Pla
n
25N
Q9
 
A
-
7
6
TABLE A-36
LAKE ONTARIO WATER LEVELS
MINIMUM 1 APRIL & MINIMUM APRIL — NOVEMBER
PLAN
 
Basis
-of-C
ompar
ison
Pla
n 6
L
Plan
155
Plan
25N
ELAN
Basis-of-
Compariso
n
Adjusted Basis-of-Comparison
Plan 6L
Plan 153
Plan 25N
MINIMU
M 1 AP
RIL
MINIMUM 1 APRIL
CATEGORY 2
MINIMUM MONTHLY MEAN APR - NOV
242.62 242.25
242.48
242.89
242.56
242.97
242.63
243.04
CATEGORY 3
MINIMUM MONTHLY MEAN APR - NOV
242.62
242.25
242.82
243.22
242.76 243.16
242.80
243.19
242.67 243.24
 
 A
-
7
7
Basis-of-
Comgarison
Stage
67.0
77
66.5
36
66.0
8
65.5
0
65.0
0
Minimum
65.55
Basis-of-
nggarisog
Stage
67.0
77
66.5
36
66.0
8
65.5
0
65.0
0
Minimum
65.
*AT
LOCK
5,
LACHINE
TABLE
A—37
LAKE
ST.
LOUIS
LOW
WATER
LEVELS*
JUNE,
JULY,
AUGUST,
SEPTEMBER
1900-1976
(NUMBER
OF
MONTHS
BELOW
LEVEL
SHOWN)
CATEGORY
Pian
6L
 
73
36
6
O
0
65.56
CATEGORY
Adjusted
Basis-of-
Comgarison
74
74
3
7
2
3
f
l
a
p
6L
 
Plan
155
8
1
37
 
65.53
PTan
15$
82
3
7
7
0
0
65.53
Plan
25N
8
5
39
 
65.48
65.48
 He
nc
e,
un
de
r
al
l
co
mp
ar
is
on
s
th
is
re
qu
ir
em
en
t
is
sa
ti
sf
ie
d
to
ap
pr
ox
im
at
el
y
th
e
sa
me
de
gr
ee
.
approximately the same.
Cr
it
er
ia
(a
),
(c
),
an
d
(d
)
re
la
te
to
ou
tf
lo
ws
fr
om
La
ke
s
On
ta
ri
o
an
d
St
.
Lo
ui
s.
To
me
as
ur
e
th
e
fu
ll
im
pa
ct
ov
er
th
e
en
ti
re
te
st
pe
ri
od
an
d
ra
ng
e
of
fl
ow
s
Fi
gu
re
s
A-
11
an
d
A-
12
ha
ve
be
en
pr
ep
ar
ed
fo
r
Ca
te
go
ry
2
an
d
Fi
gu
re
s
A-
13
an
d
A—
14
fo
r
Ca
te
go
ry
3.
Fi
gu
re
A-
11
sh
ow
s
th
at
th
e
fr
eq
ue
nc
y
of
oc
cu
rr
en
ce
of
fl
ow
be
tw
ee
n
23
0,
00
0
an
d
19
4,
00
0
cf
s,
un
de
r
th
e
re
gu
la
ti
on
pl
an
s,
is
le
ss
th
an
th
at
of
th
e
ba
si
s-
of
-c
om
pa
ri
so
n.
Th
e
re
ve
rs
e
is
tr
ue
fo
r
va
lu
es
ab
ov
e
23
0,
00
0
cf
s,
wh
er
e
th
e
re
gu
la
ti
on
pl
an
s
pr
ov
id
e
fo
r
gr
ea
te
r
fl
ow
s.
Fi
gu
re
A-
12
re
fl
ec
ts
th
e
sa
me
pa
tt
er
n,
i.
e.
,
in
cr
ea
se
d
fr
eq
ue
nc
y
of
fl
ow
s
un
de
r
re
gu
la
ti
on
ab
ov
e
28
0,
00
0
cf
s,
re
du
ce
d
fr
eq
ue
nc
y
be
tw
ee
n
28
0,
00
0
an
d
21
0,
00
0
cf
s,
an
d
in
cr
ea
se
d
fl
ow
be
lo
w
th
at
po
in
t.
Fi
gu
re
A-
13
,
wh
ic
h
ev
al
ua
te
s
Ca
te
go
ry
3,
sh
ow
s
th
at
th
e
fr
eq
ue
nc
y
of
oc
cu
rr
en
ce
of
ou
tf
lo
ws
fr
om
La
ke
On
ta
ri
o
un
de
r
th
e
ad
ju
st
ed
ba
si
s-
of
-c
om
pa
ri
so
n
in
cr
ea
se
s
ov
er
th
e
ba
si
s-
of
-c
om
pa
ri
so
n
em
pl
oy
ed
fo
r
Ca
te
go
ry
2,
fo
r
va
lu
es
ab
ov
e
23
0,
00
0
cf
s.
Th
e
ad
ju
st
ed
ba
si
s-
of
-c
om
pa
ri
so
n
is
le
ss
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an
th
e
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si
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—c
om
pa
ri
so
n
be
tw
ee
n
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lu
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of
23
0,
00
0
an
d
19
5,
00
0
cf
s
an
d
ab
ov
e
fo
r
va
lu
es
be
lo
w
th
at
le
ve
l.
In
co
mp
ar
in
g
th
e
ad
ju
st
ed
ba
si
s—
of
-c
om
pa
ri
so
n
wi
th
th
e
re
gu
la
ti
on
pl
an
s,
on
ly
Pl
an
25
N
sh
ow
s
a
ma
rk
ed
de
vi
at
io
n:
ha
vi
ng
fl
ow
s
gr
ea
te
r
th
an
th
e
ad
ju
st
ed
ba
si
s-
of
-c
om
pa
ri
so
n
in
th
e
ra
ng
e
ab
ov
e
25
5,
00
0
cf
s,
an
d
lo
we
r
fl
ow
s
in
th
e
ra
ng
e
be
lo
w
23
0,
00
0
cf
s.
Fi
gu
re
A-
14
sh
ow
s
th
e
sa
me
ge
ne
ra
l
pa
tt
er
n
fo
r
La
ke
St
.
Lo
ui
s
ou
tf
lo
ws
.
On
th
is
fi
gu
re
th
e
de
vi
at
io
ns
fr
om
th
e
ad
ju
st
ed
ba
si
s-
of
-c
om
pa
ri
so
n
ar
e
le
ss
pronounced.
4.4 Summary
Th
e
re
gu
la
ti
on
pl
an
s
we
re
de
ve
lo
pe
d
em
pl
oy
in
g
th
e
hy
dr
ol
og
ic
da
ta
fo
r
th
e
pe
ri
od
19
00
-1
97
6,
wi
th
th
e
in
te
nt
of
re
du
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ng
th
e
hi
gh
le
ve
ls
of
th
e
Gr
ea
t
La
ke
s
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re
qu
ir
ed
by
th
e
Re
fe
re
nc
e
fr
om
th
e
Go
ve
rn
me
nt
s.
Ta
bl
e
A-
38
su
mm
ar
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es
th
e
in
fo
rm
at
io
n
pr
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en
te
d
in
th
e
pr
ev
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us
se
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io
n
fo
r
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l
th
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e
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te
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.
0n
th
e
ta
bl
e,
th
e
fo
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ow
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g
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ge
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s
be
en
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pl
oy
ed
:
1.
in
di
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s
th
at
th
e
cr
it
er
io
n
ha
s
be
en
sa
ti
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ie
d;
2.
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di
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s
th
at
th
e
cr
it
er
io
n
ha
s
be
en
sa
ti
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d
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d
th
er
e
wa
s
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t
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th
e
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-c
om
pa
ri
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n;
3.
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di
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te
s
th
at
th
e
cr
it
er
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n
ha
s
no
t
be
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sf
ie
d;
an
d
4.
in
di
ca
te
s
th
at
th
e
cr
it
er
io
n
ha
s
no
t
be
en
sa
ti
sf
ie
d,
bu
t
th
er
e
wa
s
improvement upon the basis-of—comparison.
Th
e
ta
bl
e
sh
ow
s
th
at
on
La
ke
s
Su
pe
ri
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,
Mi
ch
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-H
ur
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an
d
Er
ie
th
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e
cr
it
er
ia
re
la
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d
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hi
gh
la
ke
le
ve
ls
ha
ve
be
en
sa
ti
sf
ie
d
an
d
th
e
fr
eq
ue
nc
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 TABLE A—38
SUMMARY
PLANS VS. CRITERIA
P1an
6L
Pian
155
Plan
25N
Lake Superior ‘—“__—“
Criterion (a) 3 3 3
Criterion (b) 2 2 2
Criterion (c) 1 1 1
Criterion (d)
1
1
2
Criterion (e) 1 2 2
Lakes Michigan-Huron
Criterion (a) 2 2 2
Criterion (b) 3 3 3
Lake Erie
Criterion (a) 2 2 2
Criterion (b) 3 3 3
Lake Ontario (Category 1)
Criterion (a) 1 1 1
Criterion (b) 1 1 1
Criterion (c) 3 3 3
Criterion (d) 1 1 1
Criterion (e) 1 1 1
Criterion (f) 1 1 1
Criterion (g) 3 3 3
Criterion (h) 3 3 3
Criterion (i) 3 3 3
Criterion (j) 3 3 3
Criterion (k) N/A N/A N/A
(supp) 1 3 3
Lake Ontario (Category 2)
T Criterion (a) 1 1 1
i Criterion (b) 2 2 2
‘ Criterion (c) 3 3 3
Criterion (d) 1 1 1
A Criterion (e) 2 2 2
' Criterion (f) 2 2 2
; Criterion (g) 2 2 2
t Criterion (h) l 1 1
L Criterion (i) 3 3 3
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r
i
t
e
r
i
o
n
(
j
)
1
A
p
r
i
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Criterion (k)
(supp)
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o
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e
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r
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L
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A
—
3
8
(
C
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n
t
i
n
u
e
d
)
SUMMARY
P
L
A
N
S
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.
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R
I
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E
R
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(
e
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n
(
j
1
A
p
r
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l
Ap -Nov
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)
)
)
)
)
)
)
)
)
)
r
)
U
pp)
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C
r
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t
e
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i
o
n
(
d
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Criterion (g
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t
e
r
i
o
n
(
j
1
A
p
r
i
l
p —Nov
Criterion (k
(Supp)
2
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—
‘
W
P
—
‘
H
D
—
‘
i
—
‘
r
—
‘
P
—
‘
l
—
‘
H
Plan 158
N
3
2
/A
1
2
H
E
P
—
‘
P
—
‘
W
D
—
‘
W
I
—
J
P
—
‘
r
—
J
b
—
‘
l
—
‘
w
Plan 25N
4
2
N/A
1
Z
W
E
N
w
W
e
r
—
a
r
—
J
H
v
—
i
r
—
a
w
A
d
j
u
s
t
e
d
B
a
s
i
s
—
o
f
-
C
o
m
p
a
r
i
s
o
n
v
s
.
B
a
s
i
s
—
o
f
-
C
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m
p
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r
i
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n
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N
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N
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of
o
c
c
ur
r
e
n
c
e
of
those
levels
has
been
reduced.
However,
because
of
the
d
e
p
l
e
t
i
o
n
of
storage
by
the
increased
discharge,
the
lowering
of
the
high
levels
have
also
impacted
on
the
lower
levels.
In
general,
on
these
lakes
the
summary
shows
that
the
intent
of
regulation
under
the
Reference
has
been
met.
On
Lake
Ontario,
the
summary
shows
that
under
Category
1,
the
discharging
of
additional
wa
t
e
r
into
that
lake
has
a
detrimental
effect.
However,
the
table
also
shows
that
when
modifications
to
the
regulation
plan
on
that
lake
are
instituted,
as
they
are
under
Categories
2
and
3,
this
impact
is
offset
and
a
general
improvement
over
the
appropriate
basis-of-comparison
is
effected.
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 Section 5
EFFECT
OF
INTERNATIONAL
GREAT
LAKES
DIVERSIONS
AND
CONSUMPTIVE
USES
STUDY
BOARD
RESULTS
ON
THE
SELECTED PLANS
5.1 General
By
letter
dated
February
21,
1977,
the Governments
of the
United
States
and Canada
requested the International
Joint Commission to undertake the study
reported
on herein.
By a second "Reference," of the same date, the Commission
was requested by the Governments to "assess the effects of varying the rates
of existing diversions during periods of extreme levels on the Great Lakes."
Since diversions affect the water supply to the system, any modification
thereof would
impact on the regulation
plans presented herein.
To assess that
impact, the diversion scenario developed by the International Diversion and
Consumptive Uses Study Board having the greatest Towering effect on Great
Lakes levels has been combined with selected regulation plans developed under
this study.
Those plans are Plan 6L, Plan 158 and Plan 25N.
The impacts of
diversion management on the selected plans are enumerated in the following
paragraphs.
5.2 Diversion Management Scenario
The diversion management study assumed no changes in the present physical
capacity of the diversion channels. The study further employed as a trigger,
for changing the diversion rates, the water supply to Lakes Michigan-Huron.
This trigger is comparable to the trigger employed for varying the outflow
rates under the regulation plans presented herein. Diversions were varied as
follows: from zero to 5,000 cfs in the case of the Long Lac-Ogoki Diversions;
an increase from 3,200 cfs to annual average of 8,700 cfs out of Lake Michigan
at Chicago and an increase from 7,000 cfs to 9,000 cfs through the Welland
Canal. The maximum impact on lake levels occurs when the Long Lac-Ogoki
diversions are reduced to zero; the Lake Michigan Diversion at Chicago is
increased to 8,700 cfs; and the Welland Canal is increased to 9,000 cfs.
5.3 Hydrologic Evaluation of Diversion Management Scenarios on Selected
Regulation Plans
Table A-39 shows the selected regulation plans with and without diversion
management. The table shows that under all Category 3 plans on all lakes the
maximum, minimum, and mean levels would be lower than those which occurred
under the basis-of-comparison and the plans without diversion management. The
table also shows that for all lakes (except Lake Ontario) the range of levels
would be reduced. 0n Lake Ontario the table shows that there would be very
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 little
change
in
the
maximum
or
mean
sta
es;
however
th
'
'
*
be
reduced
to
that
which
would
have
occugred
under
the
bis?;fo$ggomggg$soz?U1d
As
a
result?
there
would
also
be
an
expansion
of
the
range
of
levels.
However,
thlS
increase
in
range
is
still
less
than
that
which
occurred
under
the basis-of-comparison.
*It should be noted that no attempt was made to modify the Category 3 Lake
Ontario plans to offset the effect of the reduced water supply. If the type
of diversion management contemplated in the Diversion and Consumptive Uses
Study were implemented, such an adjustment would be necessary to offset the
effect of the reduced water supply.
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Section 6
SUMMARY
6.1 Summary
Lakes
Superior
and
Ontario
are
currently
regulated
using
regulation
plans
known
as
Plan
1977
and
Plan
1958-D,
respectively.
These
regulation
plans
were
developed
to
satisfy
criteria
specified
by
the
International
Joint
Commission.
The
regulatory works
employed
in these plans are located in the St. Marys and
St. Lawrence Rivers, and are so constructed to have full control
of the
outflow from Lakes Superior and Ontario.
As a result, outflows may be
increased or decreased to reduce or support the high and low levels of the
lake.
This is in contrast to what has been proposed for the regulation of
Lake Erie.
The works have been so conceived as to increase the outflow, but
can only reduce the outflow to that which would have occurred under the
natural outlet condition.
Hence, lowering of the extreme high levels is
possible, but support or raising of the low levels is not.
Table A-7 summarizes the effect of the various plans on the levels of the
Great Lakes. The table also contains the basis-of-comparison levels employed
in this study.
Table A—38 presents a summary of whether or not these plans
satisfy the International Joint Commission criteria for Lakes Superior and
Ontario and the criteria established for evaluation herein for Lakes
Michigan-Huron and Erie.
The hydrologic evaluation for Lake Superior on Table A-7 shows that the
range of mean monthly lake levels on Lake Superior would be increased as a
result of limited regulation of Lake Erie. This is due to the lowering of the
minimum level. No impact is shown on the maximum level because the value
shown occurs in the first year of the test period and the lake system had not
yet adjusted to the new downstream conditions.
The hydrologic evaluation for Lakes Michigan-Huron on Table A-7 shows
that the range of levels for all plans would be reduced in comparison to that
which occurred under the basis-of-comparison. The table also shows that the
impact on the maximum level is greater than that on the minimum level. This
is due to the technique employed for regulation of Lake Erie and the effect of
backwater from that lake to Lakes Michigan-Huron.
Table A-7 shows that under limited regulation of Lake Erie a lowering of
the maximum level by up to 1.07 feet could occur. As a result of this
lowering there would be an effect on all lakes of the system; raising Lake
Ontario and lowering the upper Great Lakes. The table also shows that by
employing only limited control of the outflow (no opportunity to reduce the
flow below the natural outflow when water supply is low) there is a lowering
effect on the minimum level.
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—ANNEX A
CONVERSION FACTORS
(BRITISH TO METRIC UNITS)
l
l
) 1 cubic foot per second (cfs) = 0.028317 cubic metres per second (cms)
l
l 1 cfs—month = 0.028317 ems-month
0.30480 metres
1 foot
2.54 centimetres
1 inch
1 mile (statute) = 1.6093 kilometres
1 ton (short) = 907.18 kilograms
1 square mile = 2.5900 square kilometres
1 cubic mile = 4.1682 cubic kilometres
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Temperature in Celsius: °C (°F - 32) / 1.8
1 acre-feet = 1,233.5 cubic metres
1 gallon (U.S.) = 3.7853 litres
1 gallon (British) = 4.5459 litres
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